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CHAPTERI

INTRODUCTION

Purpose and Scope of Investigation

During the past century many geologists have mapped and described
the rocks that comprise the Unaka Mountains of the Blue Ridge Province
in the Southern Appalachians.

While the geology has been mapped in

detail to the northeast and to the southwest of the present area of
study, previous work in the southwestern Bald Mountains has been entirely
of reconnaissance nature.

The purpose of this investigation, therefore,

is to bridge the structural and stratigraphic gap between the Del Rio
District (Ferguson and Jewell 1951) and northeast Tennessee (Ordway 1959,

King et al. 1944, Rodgers 1948, Lowery 1948, Shekarchi 1959) with
respect to the Precambrian Ocoee Series and the Cambrian Chilhowee

Group (Figure 1).
To accomplish the above purpose all sedimentary rocksare

described in detail, subdivided into map units, and correlated with
map units of nearby and adjacent previously mapped areas (Plates I, iil,
and IV).

Locations of measured stratigraphic sections on Plates IIIand

IV are shown in Figure 2.

More precise locations of sections measured

by the writer are given in Table I. An attempt is also made to determine
the structural relationships of the map units.
Thin sections from pertinent rock types in each of the formations
1
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TABLE T
LOCATIONS OF MEASURED STRATIGRAPHIC: SECTIONS
IN THE SOUTHWESTERN BALD MOUNTAINS

ee
Location

Geographic Location
East

North

5 Greene Mountain and
Little Bald Mountain

From 2,961,760
To
2,969,440

616,900
615,256

6 Dry Creek and
Phillips Hollow

From 2,970,800
To
2,977,500

626,880
—©619,840

7 Jennings Creek and
Round Knob

From 2,979,580
To
2,980,820

635,320
625 ,550

8 Horse Creek and
Squibb Creek

From 2,987,400
To
2,991,650

642 ,380
636,050

15 Bellcow Mountain to
Rich Mountain, north
of U.S. Highway 70

From 2,934,800
To
2,941,200

579,400
597.,660

16 Little Bald Mountain
and Camp Creek Bald

From 2,969,440
To
(2,971,050

613,250
610,150

“Expressed in feet, based on Tennessee Coordinate System.

5
were examined and photographed by the writer.

Table IL contains location

of the sample sites,

Location and Extent of Study Area
The study area (Fig. 1, p. 2) referred to in this report as the
southwestern Bald Mountains, includes portions of the Greystone (190-SW),

Lake Davey Crockett (181-SE), Hot Springs (182-NE), and Paint Rock
(182-NW) 7% minute quadrangles in Greene and Cocke Counties, Tennessee
(Plate I, insert map).

The area is roughly 21 miles leng and 3 miles

wide, being bounded on the southeast side by the Tennessee-North Carolina
state line, on the northwest side by the northwest front of the Bald

Mountains, on the northeast by the Flag Pond (190-SE) 7% minute
quadrangle, and on the southwest by the eastern bdcel a: the Del Rio

|

district mapped by Ferguson (1951).

Geography

The southwestern Bald Mountains of the Unaka Range form a portion
of the western part of the Blue Ridge Mountains.

Maximum relief is about

3,700 feet, the highest peaks being at Camp Creek Bald (4,844 feet), Big

Butt (4,838 feet) and Rich Mountain (3,670 feet), and the lowest elevations, below 1,200 feet, along the French Broad River in the Paint Rock

|

(182-NW) quadrangle.

|

Much of the Lioatachida Trail, on the southeast

boundary of the study area, is above 4,000 feet. Lesser mountains and
spurs slope generally northwest from the Appalachian Trail and northeast
and southwest toward the streams separating them and flowing in wild,
i
"
|

if

{
i

TABLE IT
LOCATIONS OF OUTCROPS AND SAMPLE SITES FOR THIN SECTION
PHOTOMICROGRAPHS SHOWN IN FIGURES 335

612,090
610;300
613,000
612,050
612,690
612,690
611,570
613,000
612,090
610,300
592,600

614,700
609,930
600,800
608,750
632,950
631,400
610,950
633,525
632,950
631,400
628,880
613,460
613,350
632,490
613,200
613,460
632,080
628,870
625,800
613,320
637,900
613,320

2,970,950
2,970,960

4,971,560

2,969,900

2,969 ,400
2,969 ,400

2,970,000
2,971,560
2,970,959
2,970,960
2,997,100

2,957,360
2,950,600
2 ,945.,170
2,948 ,650
2,979,350
2,978,750
2,967 ,580
2,977,640
2,979,350
2,978,750

2,978,986
2,968 ,000'
2,967 ,280
2,979,200
2,967,100
2,968,000
2,978,750
2,978,850

2,980,860
2,968,730
2,992,260

2,968,730

“Expressed in feet, based on Tennessee Coordinate System.
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rocky, V-shaped gorges from their head waters, tili they reach the Lime-

stone floor of the Great Valley.

The mountains owe their shape and relief to the relatively insoluble quartzite, sandstone, and conglomerate layers underlying them.
Generally the crests of ridges are capped by one of the more quartzitic
units.

In contrast, the limestones of the Great Valley to the north-

west have been ED pwiohad to the extent that they form a low, rolling
surface.

Near the mountain front, colluvium consisting of quartzite

blocks, shale fragments and soil has masked not only the residual clays
from the weathered limestone but also the quartzite ledges forming the
northwestern profile of the mountains.
Drainage is well-developed and dendritic. In the northeastern
half of the southwestern Bald Mountains streams flow mainly northwest

into the Nolichucky River.

In the southwestern half streams flow

generally west, southwest, or south, either directly into the French
Broad River or into Paint Creek which in turn flows into the French Broad.

Transportation

The southwestern Bald Mountains can be reached by secondary
asphalt and unpaved roads leading off highways U.S. 70 and Tennessee 107
out of Greenville.

U.S. Highway 70 crosses the mountains into North

Carolina at approximately the mid-point of the area mapped by the writer
(Fig. 1).

The Appalachian Trail is accessible at many points from roads

and old logging trails, some of which are still passable by jeep.

The

majority of the area is within Cherokee National Forest, and many new,

unpaved roads are under construction to further open this forest for
recreation.

Footpaths follow many of the larger streams.

Vegetation

The flora of the Bald Mountains is typical of the humid, temper~
ate climate in this region.

Oak, maple, hickory, beech, poplar, hemlock,

and pine are the major tree types.

Mountain laurel, blueberry, and

blackberry are the dominant shrubs.

. Gulture

The southwestern Bald Mountains are largely United States government-owned and mostly forested.

Timber-cutting has generally ceased,

although several years ago it was probably the main occupation here.
Small farms are located along the front of the Bald Mountains and in
Paint Creek basin near its head.

Several camping grounds are scattered

throughout the mountains, and a major recreation site complete with ski
lodge is under construction on Camp Creek Bald,

CHAPTER IT

STRATIGRAPHY

Broader Relations

The exposed rocks in the northwest part of the Southern Appalachian
Unaka Range are mostly sedimentary, consisting of several varieties of
conglomerate, sandstone, siltstone, shale, and minor beds of dolomite,
limestone, and basalt.

The clastic sediments have, in part, been

metamorphosed,
These rocks have been named the Chilhowee Group and the Ocoee
Series (Safford 1869, pp. 113-203) of early Cambrian and late Precambrian
age respectively (King 1949, p. 638).

Within the Unaka Mountains the sedimentary sequence has been
broken into large segments by thrust faulting.

The relations are not

always clear between the groups of formations contained in successive
fault blocks.

Scarcity of fossils necessitates differentiation of

formations by lithology.

Yet in many cases deposition of presently

adjacent rock sequences, especially within the Ocoee dexiad, probably
took place in widely separated areas, the present proximity of these
sequences having been sedated by movement along thrust faults.

Strati-

graphic relationships between different rocks and even between the
formations in different areas are thus somewhat uncertain,
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Map Relations

Distribution of the various formations within the southwestern
Bald Mountains is shown on Plate 1.
In the Southern Appalachians bedrock is generally deeply weathered,
covered by soil and slope wash, and overgrown by vegetation.

Natural

outcrops are confined mainly to stream bottoms and ledges along the
steeper slopes and sharper ridges.
are rarely naturally exposed.

Contacts between adjacent formations

Road cuts, although few in number, afford

the best observation of the rocks and the stratigraphic and fault
contacts.

Stratigraphic relationships are further complicated by structural
problems which can be solved only if the stratigraphy is known.

Both

the stratigraphy and structure must be worked out together, and conclusions can be made only after facts have been gathered and inferences
made over a wide area.

Prior to the mapping in this investigation a

general knowledge of the rocks involved was gained through examination
of outcrops in previously mapped areas adjacent and near to the south-=
western Bald Mountains.
Contacts shown on Plate I are based on natural and artificial
exposures of rocks along Streams, trails, and highways.

These contacts

have been extended laterally on the basis of contrasting rock types above
and below the contact where it was not observed, and, on rare occasions,
on the basis of float.

Ll
Stratigraphic Units

The units used in this report are those established through
previous geological work in eastern Tennessee.

Certain formational

boundaries have been altered in cases where key lithologies of adjacent
areas are missing or poorly developed in the southwestern Bald Mountains.
Generally stratigraphic contacts have been picked where the most
characteristic lithology of a formation becomes dominant.

To illustrate,

the top of the Snowbird Formation was picked at the top of massively
bedded, greenish arkose.

The upper limit of the Sandsuck Formation was

placed at the top of greenish=-grey shale or slate underlying massive beds
of arkose and conglomerate.

The Unicoi-Hampton contact was chosen at

the top of light-grey, mediume to thick-bedded feldspathic quartzite
overlain by drab-brown,. thin- to platysbéddedshale and siltstone.
Lastly, since the Erwin Formation in the southwestern Bald Mountains
contains laterally persistent beds of purple, ferruginous, quartzitic
sandstone, the base of the Erwin was picked at the base of the lowest
of these sandstones.

Ocoee Series

General character

The Ocoee Series is a body of terrigenous, clastic, sedimentary
rocks with minor intercalations of limestone and dolomite, but with
no volcanics or known fossils.

Much of it is a monotonous sequence with

12
both vertical and lateral gradational changes from one rock type to
another.

Aggregate thickness of the Ocoee Series in the Great Smoky

Mountains is comparable to all of the Paleozoic rocks in the adjacent
Appalachian Valley.

is visible.

Throughout most of its outcrop area no base or top

On the southeast side of the Smokies and Unakas basal

Ocoee beds lie nonconformably on older granites and gneisses.

In the

northwestern part of these ranges the Ocoee Series is overlain conformably
or paraconformably by either the Cochran Conglomerate or the Unicoi
Formation of the Chilhowee Group.

The Ocoee Series has been classified

by the U.S. Geological Survey as a provincial series analogous to the
Keweenawan, Beltian, Grand Canyon, and other series.

History of terminology
Safford (1869, pp. 183-198) named the Ocoee Series from exposures
in the Ocoee gorge, Polk County, Tennessee.

Safford acercse to these

rocks as the oldest formation in the Potsdam Group, which consisted of

the Ocoee conglomerates and slates, the Chilhowee sandstone, and the
Knox group of shales, dolomites, and limestones.

The name Potsdam

corresponded to Dana's Potsdam Period, which was the late Cambrian
Epoch in older literature (Wilmarth 1938, p. 1719).

Safford (1869,

p. 186) wrote that the main extent of the Ocoee Series was between the
French Broad River and the Georgia state line, and that no great contine
uous belts of Ocoee sediments were present north of the French Broad.
In view of the fact that Safford was the earliest worker to describe

these rocks in detail it is interesting to note how accurate this last

13
observation has proved.
Keith (1895, p. 3) assigned an early Cambrian age to the Ocoee
Series in eastern Tennessee, and he divided the series into the Snowbird
Formation and the Hiwassee Slate.

The early Cambrian age assignment was

on the basis of certain conglomerate and shale intervals which Keith
thought were equivalent to the Cochran Conglomerate and Nichols Shale of
areas to the southwest.
Stose and Stose (1944, p. 402) described Ocoee exposures along
the Nolichucky River south of Embreeville, Tennessee as consisting of
thin-bedded, finely arkosic quartzites with slate partings, black,
graphitic slate, black quartzite with glassy, black quartz grains, dark,
banded slates, and hard, dark, banded and current bedded, arkosic quartzite, in part finely conglomeratic.

Stose and Stose (1949, p. 271-272)

proposed a type section for. the Ocoee Series in the Bald Mountains
on the Appalachian Trail from Devils Fork Gap (Flag Pond quadrangle

190+SE) to Big Butt (Greystone quadrangle 190-SW) and subdivided the
series as Hawn dn Table III.
ce

Although the different rocks described by Stose and Stose within

the southwestern Bald Mountains can easily be recognized, their work was
of a reconnaissance nature and was apparently confined to the vicinity
of the Appalachian Trail.

The thicknesses and sequences Stose and Stose

ascribed to several of the rock types cropping out along the Appalachian
Trail do not coincide with those observed by the present writer.

Further,

the rocks Stose and Stose described in these Mountains appear to be
confined to the nertheastern half of the area mapped by the writer.
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TABLE ITI

SUBDIVISION OF THE OCOEE SERIES PROPOSED BY
STOSE AND STOSE (1944, pp. 271-2)

youngest:

Big Butt budeccutes--Thick-bedded, white, granular quartzite

with interbedded areilliee and fine-grained,
greenish arkose. 160 feet thick.
Nantahala Slate--Black slate with some beds fine-grained,
dark-green, arkosic quartzite, 200 feet thick.
Great Smoky Formation--Dark grit with angular grains of
quartz, feldspar, and granite-gneiss, and with
streaks of black, fine-grained, slaty greywacke.
— 500800 feet thick.
oldest:

Hurcioane Gramlache~inedtar grains of glassy quartz and
feldspar in a matrix of mica and black iron
oxide dust.

500-1000 feet thick.
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King (1949, p. 628) wrote that beds beneath the Cochran Conglomerate northeast of the Great Smoky Mountains are equivalent to the
entire Ocoee Series farther seuthwast.

King divided the northeastern

Ocoee Series into the Sandsuck and Snowbird Formations, although he
stated that the Sandsuck Formation to the northeast is at least in

part younger than any Ocoee Series recks within the Great Smoky Mountains.
Further, King stated that the Snowbird Formation northeast of the Great
Smoky Mountains is in part sautiateat te the youngest Ocoee rocks, the
Walden Creek Group, to the southwest.

King concluded that the Ocoee

Series must thin from its base upward toward the northeast,

While

unable to pinpoint the exact northeastern terminus of the Ocoee Series,
King (1964, pp. 61-62) suggested. that. Ocoee Series equivalents might be
found in the lower members of the Unicoi Formation to the northeast.

Ferguson (1951, pp. 13-14) assigned to the Unicoi Formation beds
mapped as Ocoee by Safford.

Ferguson likewise mapped as Unicoi various

rocks of the Del Rio district which Stose and Stose had assigned to
the Snowbird Formation, Hurricane Greywacke, and Great Smoky Quartzite.
Ferguson reported the same sequence in the Del Rio district as at
Chilhowee Mountain to the southwest, where the strata beneath the
Cochran Conglomerate are referred to as the Sandsuck Formation.

Yet

Ferguson observed that both the Ocoee Series and Chilhowee Group in the
Del Rio district resemble the northeastern facies more biel aya within
the Smoky Mountains.

Ferguson therefore divided the Ocoee Series in

this district into the Sandsuck and Snowbird Formations,
Rodgers (1953, p. 24 and Plates 4 and 11). mapped the Ocoee

16
Series u the Unaka Moimteine.

However, aoe of Redger's map was

not ee on field observations, and he acknowledged the uncertainty
of his information.

Rodgers proposed that the two-fold Sandsuck/Snowbird

division of the Ocoee Series be used as far southwest as Cosby, Cocke
County, Tennessee, although he contended that differences in Lithology
between the Ocoee Series in the Great Smoky Mountains and that of the
Unaka Mountains hardly warrant the different terminology.
Shekarchi (1959, p. 60-74) mapped the Ocoee Series in the Flag
Pond quadrangle as Sandsuck and Snowbird.

He stated that the Sandsuck

differs from the Showbird in Hentaidior cross -bedded and micaceous

sandstone and slate and in lacking pebbly and pyritic quartzites.

General character in the southwestern Bald Mountains

A two-fold division of the Ocoee Series is warranted in the
southwestern Bald Mountains.

The abundance of feldspathic quartzite

and arkose in the Snowbird and of slate and siltstone, with lenses of
dolomite and limestone, in the Sandsuck, serve to differentiate the two
formations.

In many areas Sandsuck slates can be observed directly underlying
the lowermost conglomeratic beds of the Unicoi Formation.

A fairly

continuous section from well down in the Snowbird up through the Sand-—
suck slates and lowermost Unicoi conglomerates into Unicoi arkose is
exposed along the lower portion of Paint Creek from the vicinity of
Buzzard Roost Ridge northeast to U.S. Highway 70, from thence westward
on U.S. Highway 70 over Mundy Gap and finally northeastward up the south

Ly

side of Rich Mountain (Plate I and Plate IV, sec. 15).
Snowbird Formation

Definition
The term Snowbird was originally applied by Keith (1904, p. 5)
to sediments exposed on Snowbird Mountain, Cocke County, Tennessee.
Keith classed these rocks, consisting of quartzite with interbedded
conglomerate, as the oldest sedimentary rocks in the region.

Keith

(1905, p. 3) assigned to the Snowbird Formation sediments exposed in
a belt extending along the south side of the Bald Mountains and resting
nonconformably on Archean granite.

Keith stated that the same lithologies

were present in a narrow belt northeast of Big Butt (Plate I, northeast)
and described these sediments as granite waste, coarse and fine quartzite
with interstratified beds of conglomerate and arkose, and subordinate
layers of grey and black slate.

Stose and Stose (1949, p. 272) equated Keith's Snowbird Group with
their Hurricane Greywacke.

They proposed the new term because they

believed Keith had been inconsistent in the use of the term Snowbird,
applying it in one case to part of the Great Smoky Conglomerate and in
other cases to even Lower Cambrian beds.

Within the southwestern Bald

Mountains, however, the writer believes Stose and Stose possessed
insufficient data to avoid inconsistencies in assigning some beds to the
Hurricane Greywacke and others to the Great Smoky Formation.
the term Snowbird is used in the present report.

Therefore,
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Oriel (1949, p. 91) described the Snowbird Formation of the Hot
Springs, North Carolina district (Fig. 1, p. 2) as feldspathic sandstone,
arkose, micaceous sandstone, siltstone, shale, slate, sandy limestone,
and calcareous sandstone.

He reported calcareous beds near the top of

the Snowbird and placed the top of the Snowbird above the uppermost beds
of undurated felguoarhia sandstone or quartzite.

He placed the base ten-

tatively above granite, although he was unable to observe cléarly the

lower portions of the formation (Plate IV, sec. 14).
Ferguson (1951, pp. 13-14) described the Snowbird Formation of the

Del Rio district (Fig. 1, p. 2) as light-colored, coarse-grained quartz<
ites and arkoses with interbedded green slates and shales.

Ferguson

was unable to observe the base of the formation and found no sharp break

between the Snowbird and overlying Sandsuck (Plate IV, sec. 13).
Shekarchi (1959, pp. 62-70) divided the Snowbird Formation into two
members in the Flag Pond quadrangle (Fig. 1, p. 2).

The lower member is

gradational at its base into the basement complex and consists of arkose,
pyritic and pebbly quartzite, vitreous, massive quartzite, feldspathic
sandstone, and sandy siltstone.

The upper member consists of several

alternate layers of quartzite, feldspathic sandstone, sandy siltstone and
shale, and argillaceous sandstone.

It is separated from the lower member

by a layer of sandy siltstone and from the overlying Sandsuck Formation

by 50 feet of vitreous quartzite (Plate IV, sec. 17).
Occurrence within the southwestern Bald Mountains
The Snowbird Formation is confined to the highest ridges along

the Appalachian Trail on the southeast side of the area mapped by the
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writer and to the southwest end of the Bald Mountains, south of U.S.
Highway 70 (Plate I).

Quartzites within the formation support knobs and

ridges such as Big Butt, Chimney Rock, Blackstack and White Rock cliffs,

Little Bald Mountain, and Camp Creek Bald, and Rich Mountain.

Saddles

between these high points are formed in the shaly, silty, and softer

arkosic beds of the Snowbird.
Lithology
usrretiel

Clean~-looking, vitreous, white to tan quartzites

are confined to bad dheLnty of the Appalachian Trail in the northeastern
half of the area mapped by the writer.

These quartzite beds are medium-

to coarse-grained, medium- to massive-bedded, and cross-bedded.

Excellent

exposures are present on Little Bald Mountain (Fig. 3), Camp Creek Bald
(Fig. 4), Blackstack andWhite Rock Cliffs, Cold Spring Mountain and Big
Butt.

Some beds are Vian pyritic and weather to a deeply pitted

surface,

This pitting is most strongly expressed in quartzite exposed

along Horse Creek Trail near the crest of Cold Spring Mountain.

Four

quartzite sladistibad are present on Little Bald Mountain and Camp Creek
Bald,

The uppermost quartzite caps Camp Creek Bald and is at least 162

feet thick.

A shale and siltstone interval underlies this quartzite,

separating it from a second, clean, white-weathered, cross<bedded
quartzite about 75 feet thick.

A second shale and siltstone interval

underlies this quartzite, separating it from 1,160 feet of massive-bedded,
cross-bedded, slightly feldspathic to arkosic quartzite (Fig. 5) containe
ing beds of granular quartz and feldspar.

This third quartzite is
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Figure 3. Snowbird Formation; medium-bedded, white-weathered quartzite capping Little Bald Mountain. Jones Meadow in distance in

upper right corner.

Blackstack Cliffs in top center.

|
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Figure 4, Snowbird Formation; massive-bedded, tan quartzite capping
Camp Creek Bald.

ae

Figure 5.

Snowbird Formation; medium-bedded, tan, feldspathic quartz+

ite on Camp Creek Bald access road.
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soft-weathering and thin-bedded at its base, passing down into greenish
siltstone.

The siltstone, about 280 feet thick, sleet es the lowest

quartzite, a tan, massive=bedded, cross-bedded, coarse-grained rock
about 56 feet thick.
The sequence of shale and massive-bedded, spheroidal-weathering,
greenish-grey, quartzitic sandstone (Fig. 6) below this lowest quartzite
resembles the sequence exposed below the pitted quartzite on Cold
Spring Mountain, and the writer believes these two quartzites are
equivalent.

Feldspathic sandstone.

On Little Bald Mountain and Cold Spring

Mountain the lowest Ocoee rocks exposed consist of massive-bedded,
green to greenish-grey, fine- to coarse-grained, cross-laminated,
strongly feldspathic and pyritic sandstone.

This sandstone weathers

spheroidally to rounded ledges with conchoidal fractures (Fig. 7).
Granular, arkosic intervals with quartz and feldspar pebble conglomerate
lenses up to 2 inches thick are present.

The sandstone is as much

as 330 feet thick, grading upward into greyish=brown siltstone.

The

writer has seen this lithology only in the northeastern half of the
southwestern Bald Mountains.

Arkose.

The southwestern terminus of the Bald Mountains contains

several knobs and ridges, such as Ricker Mountain, Buzzard Roost Ridge,
Spring Mountain, and Rich Mountain which are formed from massive-bedded,
fine= to medium-grained, greenish-grey to light-brown arkoses with
conglomeratic intervals up to 20 feet thick.

Conglomerate pebbles
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Figure 6. Snowbird Formation; greenish-grey, spheroidal-weathering,
feldspathic sandstone underlying lowest tan, vitreous quartzite
(right center) on Camp Creek Bald access road.

2D

Figure 7. Snowbird Formation; spheroidal-weathering, massive~bedded
greenish-grey, feldspathic sandstone on Camp Creek Bald access
road,

|
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average 0.5 to 1 inch in length and are mainly of white vein quartz

with a lesser amount of yellow feldspar,
as 20 feet thick.

Arkose beds may be as much

This extreme thickness, together with uniform grain

size and intense fracture cleavage, make bedding difficult to ascertain,
The main indications of bedding are fine, dark cross-laminations

resembling pencil lines.
This arkose may be as much as 3,000 feet thick on Buzzard Roost
Ridge.

It overlies dark-grey, slaty, laminated siltstone.

Its lower-

most beds are conglomeratic and contain scattered cobbles and boulders
of grenite from 6 inches to 1 foot in diameter.

gitebeles ana shale.

Below the massive arkose of the Snowbird

Formation are greenish-grey, brown and black, micaceous, thin-bedded
to platy, laminated siltstones and shales with interbeds of fine- to
coarse-grained, thin-bedded to massive-bedded, rusty sandstone.

Slaty

cleavage is well developed in these siltstones in the lower Paint Creek
drainage basin,

This siltstone sequence is at least 1,600 feet thick,
@

Its base was not observed by the writer, due to thrust faulting.

A thin section (Fig. 8) of the massive-bedded, greenish, spheroidally-weathering sandstone on Bald Mountain (Fig. 7) reveals fine, subangular to sub-rounded quartz and feldspar grains. Quartz grains show
hae alery extinction.

Feldspar, consisting of microcline, perthite,

and orthoclase, comprises up to 15 percent of the section.

The matrix
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Figure 8. Snowbird Formation; photomicrograph of greenish-grey,
spheroidal-weathering, feldspathic sandstone. Dark matrix is

due to chlorite and hematite.
fication 40X.

Crossed nicols. Original magni-
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is chlorite, which, with a trace of prochlorite, comprises about 20 percent of the section.

Hematite amounts to about 10 percent.

A thin section (Fig. 9) from the lowest Snowbird quartzite on
Bald Mountain reveals large, sutured, sub-rounded to well-rounded quartz
grains, overgrown and interlocking with quartz cement.
elongated parallel to bedding.

Twinned feldspar, probably albite,

comprises about 2 percent of the section.
present.

Many grains are

A trace of tourmaline is

The matrix is slightly lLimonite-stained.

A thin section (Fig. 10) from about 400 feet below the top of
the thickest quartzite on Little Bald Mountain shows poorly sorted,
large, rounded to well-rounded quartz, orthoclase, and microcline
grains in a fine-grained matrix of the same material.

Paldsnee,

largely altered to sericite, makes up about 35 percent of the section.
Tourmaline and zircon are present in trace amounts.

Colorless. sericite

and muscovite comprise about 2 percent of the section.

The matrix is

mainly sericite.
A thin section (Fig. 11) from the quartzite capping Little Bald

Mountain reveals well-sorted, medium=- to coarse-grained, rounded- to
well-rounded, slightly size-stratified quartz grains, slightly sutured,
overgrown, and strongly cemented with quartz.
comprise about 2 percent of the section.
present.

Orthoclase and microcline

A trace of tourmaline is

Sericite in the matrix amounts to about 1 percent of the

section. |
A thin section (Fig. 12) from the quartzite capping Camp Creek

Bald (Fig. 4, p. 21) shows fairly well-sorted, sub-angular quartz grains
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Figure 9. Snowbird Formation; photomicrograph of lowest tan,
vitreous quartzite on Camp Creek Bald access road. Crossed

nicols.. Original magnification 40x.
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Figure 10. Snowbird Formation; photomicrograph of arkosic sandstone
400 feet below top of thickest quartzite on Little Bald Mountain.
Crossed nicols.. Original magnification 40x.
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Figure 11. Snowbird Formation; photomicrograph of quartzite capping
Little Bald Mountain, Crossed nicols.. Original magnification 40x,
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Figure 12. Snowbird Formation; photomicrograph of quartzite capping
Camp Creek Bald. Crossed nicols. Original magnification 40x.
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with a slight amount of suturing and solution along grain boundaries,
and with a few zircon inclusions.
of the section.

Orthoclase makes up about 5 percent

Grains are strongly cemented with quartz with a slight

amount of limonite stain,
A thin section (Fig. 13) made from a granite boulder embedded
near the base of the arkose section on lower Paint Creek reveals
coarsely crystalline microcline and orthoclase, largely altered to
sericite.

Biotite makes up about 5 percent of the section, microcline

and perthite about 40 percent, stained quartz with undulatory extinction
about 30 percent, and ortheclase about 25 percent.

Zircon, as inclusions.

in quartz, is present in trace amount..

Stratigraphic relations
The Snowbird Formation probably wedges out in the vicinity of

Unicoi, Unicoi County, Tennessee.

Shekarchi (1959, pp. 62-67) has

ablooteted a maximum of 3,000 feet of Snowbird in the Flag Pond quadrangle (Plate IV, sec. 17), and the writer has measured about 3,400 feet
on Little Bald and Camp Creek Bald Mountains (Plate IV, sec, 16).
Although the writer cannot with certainty tie in the different quartzites
and sandstones on Little Bald, Camp Creek Bald, and Cold Spring mountains
with che sequence Shekarchi described in the Flag Pond quadrangle, these

rocks probably correlate with Shekarchi's upper Snowbird member.

The

writer has mapped these quartzites as Snowbird with no member designation.
The quartzites and green, feldspathic, spheroidally-weathering
sandstone of this northeastern area do not resemble the very massive,

JUL
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Snowbird Formation; photomicrograph of granite boulder
Crossed nicols.
Original magnification 56X.

Figure 13.

embedded in arkose on lower Paint Creek.
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less quartzitic, greenish arkose of the Snowbird cropping out on ridges

and along Paint Creek south of U.S. Highway 70.

The uncertainty in

correlation between these two areas is indicated on Plate IV.
Opinions have differed concerning the age of both the quartzites
in the northeastern portion of the area mapped by the writer and the
arkose at the southwestern end of the Bald Mountains.
Keith (1905, pp. 3-4) correlated the quartzites on Big Butt and
Camp Creek Bald with the lower Cotsen Nebo Quartzite on Chilhowee

Mountain.
Stose and Stose (1944, p. 404), (1949, p. 272) referred to the
quartzite on Cold Spring Meudtate and Big Butt as the Big Butt Quartzite,
thus placing it stratigraphically well above Letts Snowbird equivalent,

the Hurricane Greywacke (Table III, p. 6).

Stose and Stose stated that

this quartzite is the youngest rock in the ph iB syncline of the Ocoee
Series in the Bald Mountains.

Stose and Stose (1949, p. 278) stated that

the arkoses and quartzites extending from the southwest end of Camp Creek
Bald southwest to Hot Springs, North Carolina, correlate with their
Great Smoky Quartzite (Table III, p. 6).
Rodgers (Fig. 14) also assumed a syncline along the Appalachian
Trail in the southwestern Bald Mountains, and he mapped the quartzites
as Big Butt, Camp Creek Bald and all high points in between as Unicoi.
Rodgers (Fig. 14) likewise postulated synclines on the higher ridges a
the southwest, such as Buzzard Roost Ridge, RickerMountain, and Rich
Mountain, and he mapped the crests of these ridges also as Unicoi.
The writer concurs with none of the above theories.
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Figure 14. Geologic map of portions of Greene and Cocke counties,
Tennessee, and Madison County, North Carolina, after Rodgers (1953).
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Sandstone equivalents in the Bald Mountains do not at all resemble the
quartzites on Big Butt and Camp Creek Bald.

Evidence for a synclinal

structure along the Appalachian Trail is lacking.

The quartzites dip

generally east or southeast on Big Butt and Camp Creek Bald.

These

quartzites do not resemble the feldspathic quartzites of the Unicoi as
mapped by the writer elsewhere in the southwestern Bald Mountains, nor
do they contain the amygdaloidal basalts found to the northeast in the
same thrust block.
By mapping the quartzites on Big Butt as Snowbird the writer

indicates fairly close, but not complete, agreement with the formational
boundaries mapped by Shekarchi in the Flag Pond quadrangle.

Shekarchi

(1959, Plate II) would extend a belt of Sandsuck and even some Unicoi
within the Rich Mountain Syncline onto Big Butt and Cold Spring Mountain.

Qutcrops are very scarce in this region due to dense thickets of laurel
land blueberry, but the writer would terminate the above two formations
in the Flag Pond quadrangle.
Until geologic mapping is extended eastward from the Appalachian
Trail into North Carolina rhe eblatienshtp of the quartzites in this
northeastern area to the Snowbird arkoses at the southwest end of the

Bald Mountains will remain uncertain.
Detailed geologic mapping of the ridges south of U.S, Highway 70
reveals that Rodgers' postulation of synclinal remnants of Unicoi
capping Buzzard Roost Ridge, Ricker Mountain, and Rich Mountain is

unwarranted (Plate I).
The arkoses forming these ridges are obviously Snowbird, and their
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lithologic description matches that of Snowbird arkoses mapped by
Oriel (1949) and Ferguson (1951).

Sandsuck Formation

Definition

Keith (1895, p. 3) originally defined the Sandsuck Formation
from exposures of) abn-veetable. bluish-grey shale with lighter grey
bands on Sandsuck Branch of Walden Creek, Sevier County, Tennessee.
Keith (1905, p. 3) applied the name Hiwassee Slate to equivalent rocks
in the Bald Mountains, the term being derived from the Hiwassee River,
Tennessee.

He described these rocks as mostly argillaceous slate with

micaceous and sandy intervals, and, in the southwestern Bald Mountains,

with beds of sandstone 8 to 10 feet thick grading laterally to fine
conglomerates.

While Keith found no limestone in these beds in the

Bald Mountains he reported its occurrence in the Hiwassee Slate to
the southwest as a feature distinguishing the Hiwassee Slate from
other Ocoee slates.
Oriel (1949, pp. 79-83) described the Sandsuck Formation of the
Hot Springs district as dark-green to black, silty and argillaceous
shale and slate with coarse conglomerate lenses near the top and Llightgrey to blue-grey, calcareous sandstone and sandy limestone, as well
as thin-bedded ight heray quartzite, in the lower half of the formation.
Oriel placed the top of the Sandsuck beneath the lowest, continuous
conglomerate bed and the base above the uppermost beds in which indurated,
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feldspathic sandstone or quartzite predominates (Plate IV, sec. 14).
Ferguson (1951, p. 17) described the Sandsuck Formation in the
Del Rio district as consisting of dark-green, silty and argillaceous
shale, commonly with slaty cleavage, containing beds of dark-blue
to grey, sandy dolomite and dolomitic sandstone in its lower part
(Plate IV, sec. 13).

Ferguson reported conglomerate lenses, similar

to Keith's Cochran Conglomerate, down in the Sandsuck, and he mocunend
that the formational boundary between the two be moved upward to a level
where conglomerate and feldspathic sandstone predominate.

Shekarchi (1959, pp. 70-74) described the Sandsuck Formation in
the Flag Pond quadrangle as shale, sandy shale, sandy siltstone, arkosic
quartzite, sandstone, micaceous sandstone, and slate.

Shekarchi placed

the lower limit of the Sandsuck beneath a brown shale 50 to 100 feet
thick, overlying the topmost vitreous quartzite of the Snowbird

‘Formation.

The upper limit he placed above 100 feet of micaceous sand-=

ap

stone overlain by 25 to 50 feet of conglomerate (Plate IV, sec. 17).

Occurrence within the southwestern Bald Mountains

The Sandsuck Formation is best exposed toward the southwestern
end of the Bald Nowatate, the slaty siltstones and sandstones forming
falls in streams and cropping out on precipitous slopes on the west
and northwest sides of Greene Mountain.

Excellent exposures are present

in road cuts along U.S. Highway 70 and to the south in Paint Creek.
The upper Paint Creek valley is largely underlain by Sandsuck shales,
as is the region west of Greene Mountain, drained by Devils Kitchen
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Branch and Back Creek.

A thin wedge of red to tan, clayey shale, under-

lying conglomerate and coarse arkose of the Unicoi Formation is exposed
in read cuts and streams along the northwest front of the Bald Mountains
from Horse Creek southwest to the community of Camp Creek.

The writer

has mapped this clay shale as Sandsuck.

Lithology

Shale and siltstone.

The most common rock types of the Sandsuck

Formation are dark-green, dark- to light-grey, black, and purple pyritic
shales and siltstones. (Pig. 15).

In many areas well-developed slaty

cleavage cuts across the fine laminations typical of these rocks.

Some

of the siltstones are a deep blue-grey color and weather to massive
ledges which show distinctive conchoidal fracture surfaces where they
have been drilled and blasted in road cuts.

The more argillaceous

rocks are thin=-bedded and micaceous, weathering to tan flakes.

Where

strongly feldspathic the shales weather soft and clayey.

Sandstone and conglomerate,

Sandstones of the Sandsuck are

generally massive-bedded, pyritic, coarse-grained, rusty browne

weathering, but greenish-grey or light-grey on a fresh break.
is abundant, causing the sandstones to weather friably.

Feldepar

Many sand=

,

stone beds are cemented with dolomite which leaches readily, leaving

a rusty, friable sand.

Slate and siltstone intervals from 6 inches to

20 feet thick are common, and the lower portions of many sandstone beds
contain slate fragments or pockets up to 3 feet long and 6 inches thick

41

Figure 15.

Sandsuck Formation; slaty, laminated shale and siltstone.

On road around northwest side of Greene Mountain.
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derived from underlying slate beds.
The more arkosic sandstones resemble those of the Unicoi Formation,
but contain dolomite beds and sandstone beds cemented with dolomite which
have not been observed by the writer in the Unicoi Formation within the
Bald Mountains.
In the vicinity of Devils Kitchen Branch a cyclic repetition
of granular to conglomeratic arkose, becoming coarse~ to fine-grained
upward, and with dark-grey siltstone containing laminations of fine,
tan, arkosic sandstone at the top, is present.

Conglomerate beds

contain mainly white quartz pebbles up to 2 inches in diameter, with
lesser amounts of white to tan feldspar and black chert pebbles.

A

succeeding cycle may commence with granular to conglomeratic arkose
beds resting with minor disconformity on the topmost siltstone of the
previous cycle.

Dolomite andlimestone.

Scattered apparently randomly throughout

the Sandsuck Formation are lenses or beds of massive-bedded, light- to
dark-grey finely to coarsely crystalline, pyritic dolomite, in places
sandy to the point of grading into dolomitic sandstone.

The purer

dolomites show a slashboard weathering effect, whereas the sandy dolomites weather to a deeply channelled surface, or even to hides loose
sand.

Where thin quartz veins have cut across sandy dolomite beds

the carbonate cement has in places been leached, leaving a boxwork of
quartz veins sad thin sandstone seams filled with rusty sand grains,
Dolomite sequences range from 10 to 30 feet thick,. generally
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passing upward and downward into dolomitic sandstone and then arkoae.
an
On lower Paint Creek a few hundred yards south of U.S. Highway 70
interval of dolomite oleenwrace and breccia 4 feet thick lies
at the base of 30 feet of dolomite.

Disoriented rectangular blocks

of dolomite up to 6 inches long are cemented in a matrix of sandy
dolomite.

Keith (1904, p. 5) reported a similar conglomerate in the

Hiwassee Slate at Allenstand, a few miles to the east along U.S,
Highway 70 in North Carolina.
Limestones observed by the writer in the Sandsuck Formation
within the Bald Mountains are dark-grey, thin-bedded, argillaceous, and
interbedded with black slate.
diameter are common.

Glassy calcite blebs 0.25 inches in

These limestones are at most only about 2 feet

thick and are apparently of very local nature.

The writer has seen

them at only two locations, on Back Creek and Devils

Kitchen Branch.

Petrography

A thin section (Fig. 16) from laminated feldspathic siltstone
and shale shows size-stratified, sub-rounded to angular fragments of
quartz, orthoclase, microcline, albite, and perthite.

Chlorite forms

the matrix of the finer layers, comprising 50 percent or more of these
layers.

Feldspar makes up at least 30 percent of the section and is

more abundant in the coarser, lighter-toned layers.
A thin section (Fig. 17) of dolomite with beds up to 3 feet
thick reveals finely crystalline, twinned rhombs of dolomite with
abundant scattered fine to coarse grains of quartz, orthoclase, and
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Figure 16. Sandsuck Formation; photomicrograph of laminated silt-

stone. Light-toned layers are very fine-grained, feldspathic
sand seams that show as fine tan bands in the dark-grey siltstone outcrops.

Crossed nicols.

Original magnification 40x.
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Figure 17.

Sandsuck Formation; photomicrograph of light-grey, sandy,

pyritic dolomite from Devils Kitchen Branch.
Original magnification 40x.

WNicols uncrossed.
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microcline. These grains make up about 10 percent of the section and
are approximately 30 percent feldspar and 70 percent quartz.

Strati-

fication is lacking.
A thin section (Fig. 18) from dark~grey, argillaceous, platy

limestone interbedded with black slate in Back Creek shows very finely
crystalline calcite with concentrations of dolomite rhombs, and with
dark-brown argillaceous partings.

Fine to very coarse, rounded quartz,

_ microcline, orthoclase, and albite grains with dolomite filled fractures
and rims of dolomite and calcite crystals are concentrated in layers.

A few calcite oolites have been noted elsewhere in this section.
Stratigraphic relations

With the exception of dolomite and limestone the same rock
types are present in the Sandsuck Formation in the southwestern Bald
Mountains as described by Shekarchi (1959, pp. 73-75) in the Flag Pond
quadrangle.

However, the sequences within the two areas differ

(Plate IV), and the Sandsuck Formation cannot be traced from the Flag
Pond quadrangle into the southwestern Bald Mountains due to its incorpora-

tion in different thrust blocks in the two areas,
In the Del Rio district Ferguson (1951, pp. 17-21) described

lithologies in the Sandsuck similar to those in the southwestern Bald —
Mountains.

However, Ferguson mapped as Unicoi much slate and coarse

clastics with caenne te cement in the eastern part of the district.

Since the writer has not observed these rock types in the main Unicoi
sections of the area mapped for this report, he prefers to place such

Et a
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Figure 18.

Sandsuck Formation; photomicrograph of dark-grey, sandy,

argillaceous limestone from Back Creek.
partings.

Nicolls uncressed.

Note argillaceous

Original magnification 40x.
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rocks in the Sandsuck in the southwestern Bald Mountains.

Thrust fault-

ing prevents the tracing of shales and conglomerates mapped as Unicoi
in the Del Rio district within the Del Rio thrust sheet northeast into
the Bald Mountains within the Buffalo Mountain thrust sheet.

Possibly

these rocks were deposited in deeper water than the arkoses and quartzites to the Mevthedst .

The thick conglomerate sequences may have been

the result of turbidity currents.

Ferguson (1951, p. 16) described a Limestone conglomerate bed
well Mewn in the Snowbird section in the Del Rio district (Plate IV,
sec, 13).

ik wile: has observed limestone conglomerates in the Sand-

suck south of the Del Rio district on Punch Bowl Mountain, and he
suggests that faulting or overturning may be the cause of the variance
between sections of the southwestern Bald Mountains and the Del Rio
district.

Chilhowee Group

History of terminology

‘Safford (1869, pp. 198-203) applied the name Chilhowee Sandstone
to rocks exposed on Chilhowee Mountain, Blount and Sevier Counties,
Tennessee.

The Chilhowee Sandstone is the middle member of Safford's

Potsdam Group, and the clean sands and whitish quartzose beds, which

contain the fossil Scolithus linearis and Fucoid impressions, make
this member distinct from the Ocoee Series.
Keith (1905, p. 3) subdivided the Chilhowee Group from the base
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upward into Cochran Conglomerate, Nichols Slate, Nebo Quartzite, Murray

Slate, and Hesse Quartzite.

Keith (1903, pp. :4=5) ‘subdivided Chilhowee

equivalents in northeastern Tennessee into the Unicoi, Hampton, and
Erwin formations.

He later (1907, p. 3) correlated the Unicoi Forma-

ies bik the Hiwassee Slate and the Snowbird Formation, the Hampton

Formation with the Nichols Slate and Cochran Conglomerate, and the
Erwin Formation with the Hesse Quartzgite, Murray Slate and Nebo Quartz~-

ite.

Keith (1905, pp. 3-4)

retains the original names from Chilhdwee

-Mountain as far north as the southwestern Bald Mountains.
King and Ferguson (1944, pp. 27-28) recognized equivalents of
the Chilhowee Mountain section as far northeast as Iron Mountain,
Johnson County, Tennessee, and treated them as members of the Unicoi,
Hampton, and Erwin formations.

King (1960, p. 33) reassigned to the

Unicoi Formation beds which Safford (1869, p. 195) had placed in the
Ocoee Series in Laurel Creek gorge, traversing Iron Mountain.

King

thus rejected Keith's (1907, p. 3) correlation between the section on

Chilhowee Mountain and northeastern equivalents.

King’s (1964, p. 71)

correlation is shown in Table IV.
King (1949, p. 513) assigned the Chilhowee Group to the Cambrian
mainly on the basis of lithologic change between Chilhowee and Ocoee
rocks,

Later King et al. (1958, p. 964) placed only tie uppermost,

fossiliferous member of the Erwin Formation, the Helenmode member, in

the Cambrian.

Since Indiana tennesseensis has been found in the Murray

Slate (Laurence and Palmer, 1963, pp. 53-54) and Scolithus linearis
has been reported as low as the Unicoi Formation (King et al., 1944,
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TABLE IV

CORRELATION OF CHILHOWEE GROUP ON CHILHOWEE MOUNTAIN

WITH NORTHEASTERN EQUIVALENTS AS PROPOSED
BY KING (1964, p. 71)

:

Chilhowee Mountains

Northeastern Equivalents

Hesse Quartzite

Murray Slate

,

Erwin Formation

Nebo Quartzite

Nichols Slate

Hampton Formation

Cochran Conglomerate

Unicoi Formation

oe
p. 29), and since a sharp change in lithology is evident above the
Sandsuck Formation, the writer designates the entire Chilhowee Group

as Cambrian.
Ferguson (1951, p. 15) reported that Chilhowee rocks of the Del
Rio district resemble the section in northeastern Tennessee more than
that on Chilhowee Mountain.

Ferguson proposed that the northeastern

terminology be used as far southwest as Pigeon River.
Shekarchi (1959, p. 76) agreed in general with King's (1944,
PP. 20-41, Fig. 5 and 6) division of the Chilhowee Group.

However,

Shekarchi placed equivalents of the lowermost shales in the Unicoi of
King's sections in the Sandsuck Formation within the Flag Pond quadrangle.

General character in the southwestern Bald Mountains

A three-fold division of the Chilhowee Group is feasible
throughout the Bald Mountains.

The Unicoi Formation consists mainly

of massive-bedded, light-brown to light-grey, feldspathic quartzite
and arkose.

The Hampton Formation is largely grey-brown to drab,

laminated shales and siltstones with scattered beds of brown to grey,
fine= to coarse-grained, pyritic and in part feldspathic sandstone and
quartzite.

The Erwin Formation is mostly bluish-grey, laminated shales

and siltstones with distinguishing beds of purple, ferruginous and tan,
vitreous quartzite.

Se
Unicoi Formation

Definition

Keith (1903, pp. 4-5) originally defined the Unicoi Formation
from exposures along the Nolichucky River in Unicoi County, Tennessee.
King (1944, pp. 37-49) (1960, p. 37) described the Unicoi
Formation of northeastern Tennessee as arkose and coarse-grained to
conglomeratic sandstone with beds of vitreous quartzite, shale, and amygdaloidal basalt.

King reported a lower division of the Unicoi, below

the amygdoidal basalts, consisting of soft, thin-bedded, arkosic siltstone and sandstone with red and green clay shale and poorly indurated
conglomerate,
Ferguson (1951, p. 21) assigned to the Unicoi Formation of the
Del Rio district a sequence of rocks characterized by being coarsegrained, poorly sorted, and cross-bedded, and including quartzite,
arkose, grit, conglomerate, and sandstone, with interbeds of darkgreen, silty shale.

Ferguson ascribed great variability to the Unicoi

lithology, ranging from shale with thin beds of arkose or grit, to
feldspathic grit or conglomerate with a few shale partings (Plate III,
secs. 1 and 2).
Shekarchi (1959, p. 77) divided the Unicoi Formation in the Flag

Pond (190-SE) quadrangle into two members.(Plate III, sec. 9).

The

upper member consists of green to blue-green shale, amygdaloidal basalt,
sandy shale and siltstone, slate, white to grey, pebbly, pyritic quartzite, vitreous quartzite, and micaceous sandstone.

The lower member is

i

composed of conglomerate, grey, pyritic quartzite with shale interbeds,
amygdaloidal basalt, red to brown, sandy shale and siltstone, vitreous,
white quartzite, feldspathic sandstone, and micaceous sandstone.

Occurrence in the southwestern Bald Mountains
The Unicoi Formation forms the northwestern front of the Bald :
Mountains from Greene Mountain northeast through Reynolds Ridge,
Greystone Mountain, and Green Ridge, wedging ade elene the Buffalo
- Mountain Fault in the vicinity of Cannon Branch (Plate I).

Lesser

exposures are present at the front of a chyeae sheet farther back
in the Bald Mountains toward the state line.

Unicoi remnants are

preserved in minor synclines to the southwest on Rich Mountain and
vicinity north of U.S. Highway 70.

Litholo

Quartzite,

The most characteristic rock of the Giloat Formation

of the southwestern Bald Mountains is feldspathic quartzite, which forms
continuous sequences up to 700 feet thick (Fig. 19).

These quartzites

are typically massive-bedded, cross-bedded, and coarse-grained, becoming

granular and arkosic toward the base of the Unicoi.

Ledges are light-

grey and slightly vitreous with specks of metallic pyrite on a fresh

break and weather to a light grey-tan.
Pyritic sandstone.

Massive, dark-green, dark-grey, or brown,

fine-grained, pyritic sandstones (Fig. 20) weathering to smooth, rounded
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Figure 19. ‘Unicoi Formation; thin-, medium, and massive-bedded,

feldspathic quartzite on Round Knob access road,

aD.

Figure 20.

Unicoi Formation; massive-bedded, dense, greenish,

pyritic sandstone on Round Knob access road.

56
ledges with laminated platy siltstone intervals occur in sequences up
to 300 feet thick.

Generally two such intervals are present, separated

by a few hundred feet of light-grey, coarse-grained, feldspathic quartzite.

Shale and siltstone. Aside from partings and minor intervals

up to 20 feet thick, only one major sequence of shale and siltstone
has been observed by the writer in the Unicoi of the southwestern Bald
Mountains.

This sequence, about 120 feet thick, lies at a fairly constant

distance of about 500 to 700 feet below the top of the Unicoi on Greene
Mountain, Round Knob road, Round Knob Branch eid Jennings Creek.

It

consists of platy, brown, Laminated, micaceous siltstone and silty shale.

Conglomerate.

Granular and pebbly lenseswith pebbles up to

1 inch in diameter are scattered throughout the feldspathic quartzites
of the Unicoi.

The writer, following Willman's suggestion (Pettijohn

1956, p. 243) that a sandy conglomerate should contain at least 25 per-

cent pebbles of 5 millimeter size or larger, does not consider these
lenses to be couplemerates,

The only true conglomerates observed by

the writer in the Unicoi of the southwestern Bald Mountains lie at the
base of the formation and are underlain by dark-grey, platy shale and
siltstone or by red to tan clay shale with soft, reddish sandstone
interbeds.

Arkosic conglomerate beds with white quartz, black chert,

and yellow, weathered feldspar pebbles averaging 1 inch in diameter
were observed at the base of Reynolds Ridge in Dry Creek and Camp Creek
and in the valley of upper Paint Creek at the base of Camp Creek Bald
(Fig. 21).

Although these conglomerates are generally poorly exposed,
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Figure 21. Unicoi Formation; basal conglomerate exposed in the upper
drainage area of Paint Creek.
:
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they are at least 10 to 20 feet thick, and in Dry Creek 70 feet of

conglomerate wasmeasured.
To the southwest, on Hie flanks of Rich Mountain north of U.S.

Highway 70, on Devils Branch, Rough Branch, and on the north side of
the hills ‘uae south of Hayasville, conglomerates mainly of white vein

quartz pebbles up to 3 inches in diameter and up to 50 feet thick
underlie massive, coarse-grained to granular arkoses of the Unicoi.

Similar conglomerates occur lower in the section interbedded with shale
of the Sandsuck Formation in this area.

Previous workers have recognized

the fact that these lower conglomerates are lense-like and cannot be
traced laterally for great distances.

The uppermost conglomerate

underlying Unicoi arkose is laterally persistent, however, and for
this reasonthe writer places the dune af the Unicoi Formation at the
base of this conglomerate rather than incorporating this conglomerate
in the Sandsuck.

Petrography
A thin section (Fig. 22) from a feldspathic quartzite bed in the
Unicoi Formation reveals fine, medium, and coarse, rounded quartz and
feldspar grains, size-stratified and cemented with quartz.

Quartz

grains silos auturiae, undulatory Retinbedan and zircon inclusions.
Feldspar, consisting of orthoclase, microcline, and albite, largely
aitered to sericite, amounts to 15 to 20 percent of the section.
Muscovite is present in trace amount in the matrix.
A thin section (Fig. 23) from an arkosic interval shows
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Figure 22. Unicoi Formation; photomicrograph of feldspathic quartzite from Round Knob access road, Crossed nicols. Original magnification 56X.
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Figure 23.

Unicoi Formation; photomicrograph of arkose on Round
Knob access road. Note slight suturing of quartz grains,
Crossed nicols. Original magnification 40x.

61
Size~stratified, fine and medium grains of quartz, microcline, and
erthoclase.

Quartz grains are sutured and cemented with quartz.

Zircon,

as inclusions in quartz grains, and hornblende are present in trace
amount,

Feldspar, partly altered toe sericite, comprises about 50 percent

of the section.

A thin section (Fig. 24) from a green-weathering, massive,
dense, pyritic sandstone (Fig. 20, p. 55) reveals fine, medium, and coarse
grains of quartz with some size stratification.

Quartz grains are

rounded but overgrown, sutured, and cemented with quartz,

Feldspar,

consisting of microcline, microperthite, and orthoclase, although not
apparent in the thin section, comprises at least 15 percent of the

section.

Muscovite and dark-green, pleochroic tourmaline are present

in trace amount.

Stratigraphic relations

Unicoi sections described southwest and northeast of the
southwestern Bald Mountains are incorporated in different thrust
blocks from that containing the most complete Unicoi sections in the
area mapped by the writer,
The shales, amygdaloidal basalts, and clean, vitreous quartzites
described by Shekarchi (1959, pp. 78~87) are not present in the southwestern Bald Mountains.

These rocks, present on the southeast side of

the Rich Mountain synclinemapped by Shekarchi (1959, Plate II) have no
traceable connection to any inikes beds in the southwestern Bald
Mountains.

The writer has traversed the northwestern corner of the
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Figure 24, Unicoi Formation; photomicrograph of dense, greenish,
quartzitic, pyritic sandstone on Round Knob access road. Note
suturing and interlocking of quartz grains. Crossed nicols.
Original magnification 40x.
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Flag Pond quadrangle and has found Unicoi lithology similar to that
in the southwestern Bald Mountains and traceable into the area mapped
by the writer.

Shekarchi reported that the basalts are lacking in the

northwestern part of the Flag Pond quadrangle.

The writer can only

conclude that the Unicoi section on the southeast side of the Rich
Mountain syncline had at most a very remote depositional relationship
to that of the southwestern Bald Mountains.
Ferguson (1951, pp. 22-27) has described thick sequences of
slate and shale, feldspathic grit, greywacke, and conglomerate, as
well as a Moccasin

Gap Quartzite Member in the Unicoi of the Del Rio

district (Plate III, sec. 2).

Ferguson's Unicoi sections do not appear

closely related to those of the southwestern Bald Mountains.

However,

sections within these two areas are separated by thrust faulting.

In

the southwestern portion of the area mapped by the writer rocks

similar to those of Ferguson's Unicoi sections underlie arkoses of
the Unicoi as mapped by the writer.
the Sandsuck Formation.

These rocks have been placed in

However, the interbedded nature of shales and

arkosic conglomerates at the base of the Unicoi Formation on Rich
Mountain, Back Creek, and Devils Kitchen Branch leads the writer to

conclude that shales and conglomerates of the Del Rio district may
wedge out northeastward from the top downward, interfingering with

the Bald Mountains arkoses.

Thus the shales and conglomerates of

Ferguson's Unicoi sections in the Del Rio district may be the lateral
equivalents of the Unicoi arkoses in the Bald Upuivatne,
Oriel (1949, pp. 59-67) has described Unicoi rocks in the Hot
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Springs district similar to those in the southwestern Bald Mountains

(Plate III, secs, 3 and 4).
The writer has placed the upper contact of the Unicoi Formation
at the top of the first substantially thick section of light-grey,
slightly vitreous, tan-weathering, feldspathic quartzite.

Overlying

beds range from massive, rounded ledges of dark-brown pyritic sandstone
to platy, laminated, brown to- grey, pyritic shale and siltstone.

The lower contact has been placed at the base of the dominantly
arkosic and feldspathic goneten. generally atthe top of micaceous
siltstone, clay shale, or slate beds.

Hampton Formation

Definition
Keith (1903, p. 5) applied the name Hampton to a sequence of
clay shale, siltstone, arkosic sandstone, and quartzite exposed near
the town of Hampton, Carter County, Tennessee.

Ferguson (1951, pp. 28-29) divided the Hampton Formation of the
‘Del Rio district into upper and lower members of sandy to silty, darkgreen sual! and a middle member of grey, fine~ to medium-grained,
slightly feldspathic quartzite locally containing Scolithus (Plate III,
secs. 1 and Ls
Shekarchi (1959, pp. 88-91) described the Hampton Formation in
the Flag Pond quadrangle as sandy shale and siltstone, various sandstone units, and pyritic quartzite (Plate III, sec. 9).

Shekarchi
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reported that the Hampton differs from the Erwin in lacking ferruginous,
sandstone beds and from the Unicoi in lacking amygdaloidal basalt.
King (1960, p. 40) stated that the Hampton Formation is best

delimited in terms of the more distinctive beds of the Unicoi and
Erwin formations below and above it.

King observed that the Hampton

differs from the Erwin only in degrees to which certain lithologies

are present.
Occurrence in the southwestern Bald Mountains
The Hampton Formation is exposed in a belt up to one half mile
wide extending diagonally from the northeastern end of the area mapped

by the writer southwest to the head tributaries of Paint Creek on the
southeast flank of Greene Mountain. Excellent exposures are present
in cuts along the Camp Creek Bald access road and along a new trail
leading off this access road onto Henry Ridge (Plate I).
is also well exposed on the Round Knob access road.

The formation —

At the southwest

end of the area mapped by the writer the Hampton is exposed along the

lower portion of Paint Creek and the French Broad River, the middle
quartzite member forming cliffs as at Paint Rock and Chimney Rocks,
and cropping out along sharp ridges.

Lithology

Siltstone and shale.

The most typical lithology of theHampton

Formation is platy, brown-drab, micaceous siltstone or shale (Fig.. 25).
Some siltstones occur in beds up to 1 foot thick and weather spheroidally.
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Figure 25. Hampton Formation; drab-brown, platy to thin-bedded
shale and siltstone with thin- to medium~-bedded, brown, pyritic
sandstone intervals.
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In streams where the outcrops are water covered, so that the pyrite is
not so rapidly oxidized, these shales and siltstones are dark-grey to
bluish= or greenish-grey and present a finely banded appearance due
to interlaminations of light-grey, fine-grained sandstone.

Where

strongly feldspathic these fine-grained rocks weather to greenishbrown, red-tinted clay shale or siltstone, with black residues on
partings.

Sandstone,

Sandstones of the Hampton in the southwestern Bald

Mountains range from slightly vitreous quartzites to soft, friable
arkoses and rusty, pyritic sandstones.

Most abundant are brown-

weathering, fine-grained, massive, smooth, rounded ledges of pyritic
sandstone, generally well-indurated and exhibiting conchoidal fractures
and spheroidal weathering.

Locally Scolithus tubes perpendicular to

the bedding and averaging one eighth inch in diameter are present.
Ledges of such sandstone occur interbedded with laminated, platy, brown
siltstone, first one and then the other predominating.
Light-grey, fine-grained, slightly vitreous, pyritic, laminated

sandstone occurs interbedded in thin to platy beds with dark-grey
siltstone.
Unique beds of very coarse-grained to granular sandstone, quartzitic in places, with quartz granules andpebbles and fragments of black
slateup to 1 inch long are ‘iterbedded in thick siltstone intervals
(Fig. 26).

These sandstones range in thickness from 6 inches to

12 feet, and one or two such intervals of this type of sandstone are

present.
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Figure 26.
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Hampton Formation; very coarse-grained to granular,

quartzitic sandstone with slate fragments. Faint mottling in
certain beds is due to black slate fragments and white quartz
granules.
|
)
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An interval of clean-looking, light-grey, tan-weathering, mediumto massive-bedded sandstone, ranging from slightly feldspathic quartzite,
locally containing Scolithus, to soft friable arkose is present in some
areas in the lower half to the middle portion of the formation.

The

sandstone is typically fine= to medium-grained, but certain beds are
coarse-grained to granular, cross-bedded, massiveebedded, light-tanweathering and feldspathic to arkosic.

The latter can be easily mistaken

for the feldspathic quartzites of the Unicoi Formation.

Thin intervals

and partings of greenish-grey, brown, and rae, sandy siltstone and shale
occurring between layers of this type sandstone are well exposed on the
Camp Creek Bald access road (Fig. 27), the Round Knob access road

(Fig. 28) and on Cannon Branch.
Petrography

A thin section (Fig. 29) from fine-grained, light-grey, quartzitic sandstone shows well-sorted, well-rounded quartz grains overgrown
and cemented with quartz.

Feldspar, mainly microcline and albite,

comprises less than 10 percent of bhie section.

Traces of hornblende

are also present.
A thin section (Fig. 30) from coarse-grained, poorly sorted,
quartzitic sandstone containing angular slate fragments reveals fine
to very coarse quartz grains almost completely cemented with quartz.
Larger grains are well-rounded.

A slate fragment in the section is come

posed of angular, very fine quartz and twinned albite grains in a clay
matrix.

A larger quartz grain is partially embedded in the fragment.
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Figure 27. Hampton Formation; light-grey, fine-grained, slightly
feldspathic, quartzitic sandstone overlain by platy shale and
siltstone on Camp Creek Bald access road,

)

Figure 28. Hampton Formation; in part white-weathering, slightly
friable, fine~ to medium-grained, arkosic sandstone on Round
Knob access road.
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Figure 29. Hampton Formation; photomicrograph of fine-grained, lightgrey, quartzitic sandstone. Note slight suturing and interlocking
of quartz grains. Crossed nicols. Original magnification 40x.

Ar
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Figure 30.

Hampton Formation; photomicrograph of poorlysorted,

quartzitic sandstone with slate fragments.

Quartg granule in

upper right corner ig pressed into slate fragment consisting

_of fine angular quartz grains.
magnification 40x.
:

Crossed nicols.

Original
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A thin section (Fig. 31) from a massive-bedded, light-tanweathering sandstone shows poorly borted, sutured quartz grains,
intensely fractured:and with undulatory extinction,
largely altered to sericite, is present.

A trace of feldspar,

Pale-brown to dark-brown

pleochroic tourmaline comprises perhaps .5 percent of the section.
Zircon, as quartz grain inclusions, and hornblende occur in trace
amount. .

A thin section (Fig. 32) from a greenish, massive-bedded sandatens.
weathering to smooth, rounded ledges, reveals well-sorted, sub-angular

to rounded, fine quartz and feldspar grains cemented with quartz.
Orthoclase, microcline, and perthite comprise 25 percent or more of the
section.

Traces of tourmaline and zircon are present.

Stratigraphic relations
<

The Hampton Formation in the southwestern Bald Mountains contains
numerous lithologies that are characteristic of the Erwin bid Wnicot
Formations.

In this area the major rock type of the Hampton; drab~brown,

thin-bedded, shaly sandstones and siltstones, distinguishes the Hampton
from the feldspathic quartzites of the Unicoi.

Lack of vitreous,

white to tan, clean quartzites, and especially of purple, ferruginous

quartzites, distinguishes the Hampton from the Erwin Formation.
Shekarchi (1959, p. 89) placed the base of the Hampton at the
base of alternate beds of sandy shale and siltstone overlying the
uppermost pebbly quartzite of the Unicoi. However, in the northwestern
portion of the Flag Pond quadrangle, where the Unicoi-Hampton section is

JUL
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Figure 31.

Hampton Formation; photomicrograph of coarse-grained,

massive~bedded, light-tan, quartzitic sandstone.

Note sutured

boundaries and intense fracturing of quartz grains.
nicols. Original magnification 40X.

Crossed

JUL

Figure 32. Hampton Formation; photomicrograph of greenish, fine~
grained, massive-bedded, feldspathic to arkosic, pyritic sandstone. Crossed nicols. Original magnification 56X.
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most similar to that in the area mapped by the writer, Shekarchi apparently included shales above the feldspathic quartzites in the Unicoi
according to the formational contacts shown on his map.

The writer

assumes that due to the difficulty in traversing the laurel-choked
streams of this area, Shekarchi may have erred 200 yards or so in
determining the geographic location of the Unicoi-Hampton contacts.

Shekarchi (1959, p. 88) stated that the top of the Hampton~
Formation in the Flag Pond quadrangle lies at the base of 10 to 20
feet of vitreous tan quartzite (Plate III, sec. 9), and he included a
photograph of this quartzite in his text (1959, p. 98, Fig. 49).

The

writer has observed this quartzite and believes that it is the only
vitreous, tan quartzite of the Erwin Formation traceable into the
southwestern Bald Mountains.

However, both in the southwestern Bald

Mountains and in the Flag Pond quadrangle chal wales has observed a
purple Petcadinoue quartzite lying well below this quartzite, and the
writer places the top of the Hampton at the base of this lowermost
ferruginous quartzite.

This causes no discrepancy between the Erwin-

Hampton contacts of the Flag Pond quadrangle as mapped by Shekarchi
and those of the southwestern Bald Mountains, for in actual practice
Shekarchi also apparently used the lowest fdrruginous quartzite as
the formational contact.

Further, the quartzite to which Shekarchi

referred (1959, Fig. 49) lies well up in the Erwin as he mapped it
(1959, Plate .2).
Ferguson (1951, p. 28) placed the base of the Hampton at the
top of coarse grit or fine conglomerate of the Unicoi Formation, and
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the upper Hampton contact at the base of the lowest white, fine-grained
quartzite containing Scolithus.

Reconnaissance of the Del Rio district

by the writer indicates that these boundaries are logical for that

The Hampton Formation of the Del Rio district has the same
overall aspect as in the southwestern Bald Mountains.

Whereas

Ferguson's middle quartzite member is quite distinctive in many parts
of the Del Rio district, forming clean, Ldieiveund: wadidme to massivebedded ledges, the writer has observed that this member quite rapidly
changes character laterally, becoming almost indistinguishable in
many areas from the lower and upper shaly members of the Hampton.
Although the writer has used Ferguson's three-membered Hampton in
mapping the lower Paint Creek area for continuity's sake, he is doubtful
as to whether the middle quartzite member is a feasible map unit.
Similar quartzites are present in the Hampton in the Bald Mountains
to the northeast, but these are even more variable laterally than
those of the Del Rio district.

The writer, therefore, has mapped the

Hampton as undivided in the southwestern Bald Mountains (Plate III,

secs. 5, 6, 7, and 8).
Erwin Formation

Definition

Keith (1903, p. 5) gave the name Erwin Formation to a sequence
of white sandstone and quartzite 500 to 700 feet thick exposed near

ry
the town of Erwin, Unicoi County, Tennessee.

Keith reported abundant

Scolithus linearis throughout these rocks,
Percuson (1951, pp. 31-32)- reported that the Erwin Formation of
the Del Rio district is Ebterived by white, thin=- to medium-bedded,
Scolithus-bearing quartzite in its lower part dad whic, fine= to mediumerwin thick-bedded quartzite in the upper part.

The middle soredan

is characteristically shaly, but locally contains beds of ferruginous
quartzite, shaly quartzite, and conglomerate lenses.

Ferguson described

the Helenmode member at the top of the Erwin Formation as dark-green,
thin-bedded, fine-grained, feldspathic, glauconitic siltstone and shale
with a thin bed of coarse-grained, dolomite-cemented sandstone at the
top (Plate III, secs. 1 and 2).
Shekarchi (1959, p. 93) described the Erwin Formation of the
Flag Pond quadrangle as interbedded siltstone and shale, and slate
with beds of vitreous quartzite and three units of ferruginous sandstone (Plate III, sec. 9).

He reported that the top of the Erwin is

concealed by overthrusting in the Flag Pond quadrangle.

Occurrence in the southwestern Bald Mountains
The Erwin Formation extends from the vicinity of Low Gap on
the Camp Creek Bald access road to the northeast end of the area
mapped by the writer, being repeated three times southeastward in
subsequent thrust sheets from Jennings Creek to the West Fork of Cassi
Creek.

The Erwin Formation is also present along lower Paint Creek

in the area adjoining the Del Rio district.
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Lithology

Quartzite.

Two light-tan, vitreous, fine-grained, medium=- to

massive-bedded, cross-bedded quartzite sequences from 12 to 80 feet
thick occur in the middle portion of the Erwin in the southwestern
Bald Mountains (Fig. 33).
the upper Me tet ta.

Granular zones are common, especially in

Intense jointing is characteristic of these rocks.

Southwest of U.S, Highway 70, along lower Paint Creek, the same
type of quartzite is present to a much greater extent.

Here, as in

the Del Rio district, quartzite is the distinguishing feature of the
Erwin, whereas to the northeast it is a minor feature. Paint Mountain

is formed from extremely massive, jointed ledges of Erwin quartzite,

Sandstone.
the Hampton.

The Erwin contains sandstones similar to those of

Included are coarse-grained to granular lenses of rusty

sandstone with angular slate fragments and massive, rounded ledges
of pyritic, grey to brown, fine-grained sandstone.

Some sandstones are

quartzitic but not so vitreous as the quartzites mentioned above.

The

quartzitic sandstones form sequences 8 to 20 feet thick and contain
dark-green to black glauconite pellets.
Ferruginous sandstone, although a minor lithology, is the
distinguishing feature of the Erwin in the southwestern Bald Mountains.
Two or three such sandstones are normally encountered in any Erwin
section.

These sandstones are deep-purple, fine= to coarse-grained,

generally quartzitic, and medium- to massive~-bedded, weathering to
rectangular, jointed ledges (Fig. 34).

Thickness ranges from
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Figure 33. Erwin Formation; vitreous, tan, fine-grained, cross~=
bedded quartzite on Round Knob access road.
&
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Figure 34. Erwin Formation; purple, ferruginous, quartzitic sandstone
on Camp Creek Bald access road.
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1 to 246 feet, although thicker sequences contain interbeds of laminated,

fine-grained, greenish-brown, pyritic, glauconitic sandstone and siltStone.

The ferruginous sandstones are traceable from canyon to canyon

across the southwestern Bald Mountains, more so than any other Erwin

lithology. West of U.S. Highway 70, along lower Paint Creek, the
ferruginous sandstones, although present, are much thinner and do not
stand out in color and hardness to the same extent as in the Bald
Mountains.

Siltstone and shale.

The most abundant lithology of the Erwin

is light-grey to bluish-grey, platy, finely laminated, pyritic siltestone or shale, forming light- and dark-banded- outcrops in streams.
In the Bald Mountains these shales and siltstones are fairly soft,

although they contain thin to massive interbeds of light-grey, finegrained, slightly vitreous, pyritic quartzite.

West of U.S. Highway

70, along lower Paint Creek, the shales and siltstones are partly
quartzitic, passing upward into light-tan, vitreous quartzite.

Petrography

A thin section (Fig. 35) from light-tan, vitreous quartzite
reveals deel oereee sub-rounded, slightly sutured quartz grains
cemented with quartz.

Feldspar, consisting of orthoclase, microcline,

albite, and a trace of perthite, comprises 1 to 2 percent of the section.
{Traces of zircon and epidote are present,
A thin section (Fig. 36) from purple, ferruginous, quartzitic
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Figure 35.
ite.

Erwin Formation; photomicrograph of tan, vitreous quartzCrossed nicols. Original magnification 40X.
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Figure 36.

Erwin Formation; photomicrograph of purple, ferruginous,

quartzitic sandstone. Dark matrix is hematite.
Original magnification 40x.

Crossed nicols.
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sandstone shows poorly sorted, strained quartz grains with undulatory
extinction.
angular.

Larger quartz grains are well-rounded; smaller ones sub-

Orthoclase comprises 1 percent or less of the section.

Scattered greenish-brown grains with aggregate polarization are probably

glauconite.

Hematite, as cement, forms at least 25 percent of the

section.

Stratigraphic relations

The writer selected the lowest ferruginous, quartzitic sandstone
as the base of the Erwin in the southwestern Bald Mountains (Plate IIT,
secs. 5, 6, 7, and 8).

As previously mentioned, this contact, although

differing from that proposed by Shekarchi (1959, p. 94), coincides
with the contact Shekarchi apparently used in field mapping.

[In the

southwestern Bald Mountains the upper contact is not present due to
thrusting.
Ferguson (1951, p. 31) chose as the base of the Erwin in the
Del Rio district the lowest white, fine-grained, Scolithus-bearing
quartzite.

The writer has used this same lithology fee the Erwin basal

contact along lower Paint Creek.
Oriel (1949, p. 47) used the same contacts as did Ferguson in
mapping the Erwin of the Hot Springs district. Oriel reported
ferruginous quartzite in the middle portion of the Erwin and in the
upper Hampton as well (Plate III, secs. 4 and 5).
Since the Erwin of the Hot Springs and Del Rio districts and on
‘Lower Paint Creek is separated by thrust faulting from the Erwin of
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the southwestern Bald Mountains, this writer makes no attempt to correlate individual rock types of the first three areas with those to the
northeast. Possibly the ferruginous quartzite beds which Oriel mapped
as Hampton in the Hot Springs district correlate with the lowest
ferruginous quartzite in the southwestern Bald Mountains.
In the southwestern Bald Mountains and in mapped areas further
southwest, the Erwin contains the same rock types, but in different
amounts.

CHAPTER IIL

TECTONICS

Regional Structural Features

The Unaka Mountains lie within the Blue Ridge province of the
southern Appalachians, a strongly deformed region made up of Precambrian
and lowest Paleozoic rocks which have been folded, faulted, and meta~
morphosed by amounts that increase progressively southeastward.

The

northwestern border of the Unaka Range is marked by a zone of thrust
faulting which extends along strike across Tennessee, northward into
Virginia and southward into Georgia, many miles northeast and southwest
from the present area of study.
Opinions have differed as to the nature of the boundary between
the Blue Ridge and the Valley and Ridge provinces.

Keith (1927, p. 154)

wrote that the boundary is marked by a continuous overthrust of crystalline rocks onto the Limestones of the Valley and Ridge province.

King

(1944, p. 11) recognized more than one thrust fault along the front of
the Blue Ridge province in Tennessee, and he (1950, p. 14) stated that
faulting along the boundary between the two provinces is discontinuous.
King stated, however, that in Tennessee two major thrust faults, the
Great Smoky and Holston Mountain overthrusts had carried Blue Ridge

province rocks over.Valley and Ridge province rocks as much as 35
miles.

King pointed out that these two faults extend into the basement
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39
and thus differ fundamentally Eo faults to the nerthwest in the Valley
and Ridge province.
The Blue Ridge province extends from northern Georgia to
southern Pennsylvania, yet the boundary between the Blue Ridge and
Valley and Ridge provinces is not marked by thrust faults throughout

this extent. Cloos (1948, p. 2162) reported that at South Mountain,
Maryland, a change in structural habit from flexure folds to shear
folds with slaty cleavage serves to distinguish the Blue Ridge from
the Valley and Ridge pupbtia |
;

Major dutbeltny! in contrast to folding, as the characteristic

boundary feature between the Blue Ridge and Valley and Ridge provinces,
commences in central Virginia and continues southwestward into

Tennessee. King (1964, p. 19) reported that from bantral Virginia
southwestward the area of negative gravity anomalies and the base of
the gravity gradient drop eastward into the Precambrian rocks of the
Blue Ridge province, supporting the inference that all Precambrian
recks of this portion of the Blue Ridge province are allochthonous. and
are underlain by a thick body of overridden Paleozoic and possibly
older sediments,

Structural features of the Unaka Range in northeastern
‘Tennessee and western North Carolina

Major thrust sheets

The controlling factor behind most structural features of the

Unaka Range is thrust faulting.

Thrust faults in this region range
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in dip from 4 degrees to 60 degrees but are typically low-angle, averag=
ing 30 degrees to 40 degrees in dip, the dip direction generally being
to the southeast.

Due to shallow dip and rough topography these faults

are commonly sinuous in trace, and form branching Lod euapceuediia
patterns.

The thrust planes do not closely follow stratigraphic

horizons; instead they cut up and down through formational units.
The Holston Mountain thrust fault (Fig. 37) was named by Stose
and Jonas (1938, p. 83) for the fault exposure at the base of Holston
Mountain, Carter County, Tennessee.

This fault can be traced along

the front of the Unaka Range for many miles. in nartheast Tennessee.
It is a low-angle, southeast dipping fault along which Precambrian and
Lower Cambrian rocks have moved northwest over Valley and Ridge rocks.
The Holston Mountain fault is replaced as the boundary of the Blue
Ridge province to the southwest by the Buffalo Mountain fault which
is in turn replaced further southwest by the Meadow Creek Mountain

fault (Fig. 37),
The Buffalo Mountain overthrust, first described by Keith
(1907, pp. 8-9) bounds a tongue“shaped sheet of rocks in the northeast

part of the Bald Mountains (Fig. 37) and can be traced southwest along
both sides of this tongue, dipping gently to the southeast on the northwest side and almost vertically on the southeast side (Rodgers, 1953,
p. 142).

On the southeast side of the tongue the Buffalo Mountain

fault trace apparently delimits the southwest end of the Mountain City
window, merging here with the Rector Branch fault (Fig. 37).

The

Buffalo Mountain thrust fault forms the northwest boundary to the Bald
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Mountains as far southwest as Hayesville, 1.5 miles east of U.S,
Highway 70 (Lake Davey Crockett 181-SE quadrangle) where it cuts back
into the mountains in an arcuate fashion.

This portion of the fault

has been called the Hot Springs thrust fault (Rodgers, 1953, p. 144).
Here it is replaced as the boundary fault by the Meadow Greek Mountain
thrust fault.

The Meadow Creek Mountain and Mine Ridge thrust faults delimit a
sheet of rocks known as the Del Rio thrust sheet (Ferguson, 1951,
pp. 40-44).

These two faults are thought to be parts of the same fault

that was later folded.

The Del Rio thrust sheet, cut into blocks by

lesser, apparently steeper thrust faults, resembles the Buffalo Mountain
thrust sheet which overlies it in stratigraphy and, to a lesser degree,
in structure.
However, the Del Rio thrust sheet is probably structurally lower
than any part of the Buffalo Mountain thrust sheet.

The Del Rio

thrust sheet probably wedges out beneath the Buffalo Mountain thrust
Sheet.

In any case, rocks of the Del Rio thrust sheet have not been

recognized beyond the northeast end of the Buffalo Mountain thrust sheet.

Folds

King (1944, p. 11), in describing the geology of northeast
Tennessee, wrote that thrust sheets had moved many miles northwest
along low-angle thrust faults over other masses of rock.

He postulated

that during or shortly after thrusting the thrust sheets were folded
broadly into a synclinorium to the northwest, between the Holston
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Mountain and Iron Mountain thrust faults, and an anticlinorium to the
southeast, between the Iron Mountain and Stone Mountain thrust faults.

King (1944, p. 12) reported that the highest and youngest thrust
sheet of the series of ehrust sheets in northeastern Tennessee ~
lies within the above-mentioned structural trends.

King suggested

that the southeast portion of this highest sheet consists of the

greater part of the Precambrian rocks southeast of and above the Stone
Mountain overthrust.

The northwestern portion forms a partly detached

outlier in the trend of the synclinorium (Fig. 37, p. 91).

This north-

western portion of the sheet has been termed the Buffalo Mountain

thrust sheet (Ordway, 1959, p. 623).

This name is applied in the

present report to the remainder of the thrust sheet to the southwest
and southeast.

Ordway (1959, p. 634) in describing the geology of the Buffalo
Mountain-Cherokee Mountain region (Fig. 1, p. 2), proposed that strata.
in the Holston Mountain-I[ron Mountain synclinorium portion of the

Buffalo Mountain thrust sheet were partially folded prior to faulting,
and that when the Buffalo Mountain thrust fault developed it cut

across these earlier-formed folds.
Soutwwask from the Buffalo Mountain-Cherokee Mountain region
the Rich Mountain syncline is present on Rich Mountain in Greene and

Unicoi counties (Fig. 37, p. 91).
but did not name it.

Keith (1904) recognized this syncline

Shekarchi (1959, p. 116) named it the Rich Mountain

syncline and described it as a northeast trending, asymmetrical syncline
approximately 8 miles long with a southeast dipping axial plane and

94
containing all formations of the Ocoee Series and Chilhowee Group except

the Erwin Formation.
The Greene Mountain and Paint Creek synclines are exposed southwest of the Rich Mountain syncline in the present area of study.

These

smaller synclines lie in the same trend as the Rich Mountain syncline
which closes in a northeast plunging nose at the northeast end-of the
area mapped by the writer,

Windows

The great horizontal displacement of thrust sheets of the Blue
Ridge province is proved by windows which lie as much as 12 miles
southeast of the edge of the thrust sheets.
The Mountain City window lies on the anticlinorium trend between

the Iron Mountain and Stone Mountain thrust faults (Fig. 37, p. 91).
Within the window the rocks are cut by many thrusts dipping both south=-

east and northwest.

Limestone Cove window, a small oval area encircled

by the Limestone Cove thrust fault within the southwest part of the
Mountain City window, contains rocks structurally lower than those
of the Mountain City window.
The Hot Springs window is encompassed by four different thrust
faults; the Mine Ridge fault, the Hot Springs fault, the Rector Branch
fault, and the Brushy Mountain fault (Fig. 37, p. 91),

This window

trends east-west in contrast to the northeast alignment of most Appala-

chian structures.

Oriel (1949, p. 156) reported that a southwest-

plunging anticline lies within the window.

He proposed that the Hot
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Springs-Mountain City structural lineament formed after emplacement

of an early thrust sheet, the Pulaski thrust sheet, rocks of which are
exposed just northwest of the Buffalo Mountain overthrust.

Local Structural Features

The southwestern Bald Mountains of the Unaka Range form a portion
of the northwestern border of the Blue Ridge province.

Although folds

and faults characteristic of the Blue Ridge province are present, this

is a transitional zone, and folds in competent rocks are mainly of the
flexure type.

Flow folding, shear folding, and cleavage development

increase toward the southwest end of the Bald Mountains and also southeast from the vicinity of the Appalachian Trail into North cavelian |
Major structural features of the southwestern Bald Mountains
include thrust faults, synclines, and windows.

Thrust faults are

identified mainly by.discontinuity and repetition within stratigraphic
sections.

Rarely, except in road cuts, is the actual fault contact

observed.

Synclines, aligned in successive thrust sheets in a north-

east direction, are recognized by a combination of bedding attitudes
and stratigraphy, younger beds being enclosed by older.

Only the

southwest nose of each syncline is exposed, the rest being concealed
beneath the next higher thrust sheet.

Windows are recognized by the

anomalous bheneeeuee of rocks typical of a certain formation completely
surrounded by older rocks, which are not directly subjacent stratieraphically to the rocks in the window.
evidence of a synclinal nature.

These older rocks also lack
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Major structural features

Greene Mountain syncline

The southwest nose of a syncline is exposed on Greene Mountain
in the southeast corner of the Lake Davey Crockett (181-SE) quadrangle
and the southwest corner of the Greystone (190-SW) quadrangle.

The

syncline plunges northeast, the synclinal nature being observed as

far northeast as the headwaters of upper Paint Creek, along which
lowermost Hampton beds possess dips conforming to the flanks of the
syncline (Plate I).
The northwest flank of the syncline, containing beds as high
as the Erwin Formation, continues northeast beyond the northeast end
of the area mapped by the writer, forming the northwest front to the
southwestern Bald Mountains.

The southeast flank is concealed under

higher thrust sheets from the upper Paint Creek headwaters northeastward.
This flank may, nevertheless, continue northeastward under the Rich
Mountain syncline.

A vague topographic expression of the Greene

Mountain syncline is seen in the trend of elevation contours at the
southwest end of Greene Mountain on Plate L.

The nose outlined by these

contours is carved from massive-bedded, feldspathic quartzite of. the

Unicoi Formation,
The subsurface configuration of the.Greene Mountain syncline
is shown in structure section D-D', Plate II.
syncline with gently dipping flanks.

It is a fairly symmetrical

Lowermost Sandsuck beds within

the syncline are depicted as being truncated by the Buffalo Mountain
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thrust fault.

The writer does not wish to imply by this that the Buffalo

Mountain fault developed underneath this syncline somewhere to the southeast and transported it to its present position.

While the Buffalo

Mountain fault developed across folded strata, the truncated beds in
this case are partially due to bevelling of a fold developed in the
Buffalo Mountain thrust sheet during a late stage in its movement, but
prior to complete cessation of movement.

Paint Creek syncline

The southwest end of the Buffalo Mountain thrust sheet consists
of a bravia northeast plunging, faulted and folded syncline containing
beds at least as low as Snowbird and as high as the Unicoi Formation.
Only the southwest nose of this syncline is exposed, the northeast
portion being concealed beneath a higher thrust sheet.

The exposed

portion of the syncline extends from Rich Mountain on the northeast
side of U.S. Highway 70 (Hot Springs 182-NE quadrangle 600,000'N,
2,943,000'E., Tennessee Coordinate System) southwestward at least as

far as the trace of the Hot Springs fault which delimits the Buffalo
Mountain thrust sheet.
The southeast flank of the Paint Creek syncline is overridden
by thrust fault e (Plate I), which the writer interprets as a southwestward extension of the Big Branch fault (Fig. 37, p. 91).

Fault c

(Plate I), interpreted by ‘ie writer as an imbricate slice extending
at a moderately steep angle to the Buffalo Mountain thrust plane, parallels the syncline axis from Rough Branch north of U.S. Highway 70,
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across the highway, and down lower Paint Creek to finally intersect
the Hot Springs fault (Plate I).

Beds exposed at the surface dip

counter to the dip of the fault plane in most areas along the fault.

Structure sections E-E', F-F', G-G', and K-K' portray the subsurface
configuration of the Paint Creek syncline and its associated faults.
The Paint Creek syncline and the Greene Mountain syncline are
part of the same thrust sheet within the Buffalo Mountain thrust sheet,

Because the base of the Unicoi Formation ta exposed on the southwest
nose of the Greene Mountain syncline and also in the Paint Creek syncline, the latter must close southwest of the Greene Mountain syncline.
Unicoi arkose beds on the southeast flank of the Paint Creek syncline
can be traced along a ridge northwest of Rough Branch to within 1 mile
of the Greene Mountain syncline where a higher thrust sheet conceals
them.

These beds show no evidence of closure.

However, beds on a

ridge on the west side of Devils Kitchen Branch, which, in its upper

course, follows the axis of the syncline, and beds within the stream
itself near its headward extremity Sunuueh se southwest dip which may
represent the northeast nose of the syncline.

Thus, these two synclines

are probably portions of a single, larger boneliual separated by a
slight warp or saddle.
The bedding attitude of the southwest nose of the Paint Creek

syncline directly controls the erosional configuration of the southwest
end of the Buffalo Mountain thrust sheet bounded by the Hot Springs
fault.

Beds of the thrust sheet generally dip inward almost at right

angles away from the trace of the fault.

The syncline is envisioned
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by the writer to have come into existence due to a couple, the primary
force moving the thrust sheet from the southeast, and an impinging
force from the south, arising from the frictional resistance of the
Hot Springs window high under the thrust sheet.

As the thrust sheet

slowed and began to pivot westward on the Hot Springs window high, the
force from the southeast caused the sheet to yield by warping perpendicular to the directions (west and northwest) of movement.

The pre-

sently preserved syncline resulted from this warping.

Synclines of the Del Rio thrust sheet along lower Paint Creek and French
Broad River

Minor shallow synclines occur along lower Paint Creek and the
French Broad River southwest of the Buffalo Mountain thrust sheet.
These synclines are part of the Del Rio thrust sheet.

They contain

rocks at least as high stratigraphically as the Shady Formation.

Axial

trands of these synclines are inconsistent and do not conform to the
northeast trend observed in synclines of the Buffalo Mountain thrust
sheet.

Although individually insignificant as a group, these synclines

are an important indication of the overall character of the Del Rio
thrust sheet.

In the writer's opinion this character can best be

described as structurally chaotic in comparison with the straightforward, orderly features of the Buffalo Mountain thrust sheet.

The

probable underlying cause for the complexity of the Del Rio thrust
sheet is discussed in a synthesis at the end of the chapter.
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Buffalo Mountain thrust fault

This thrust fault forms the northwest boundary of Bald Mountain
from northeast of Hayesville in the Lake Davey Crockett (181-SE) quaderangie northeastward beyond the northeast end of the area mapped by
the writer.

Within the southwestern Bald Mountains the Buffalo Mountain

fault contact is exposed on U.S. Highway 70 at a switchback 1 mile
northwest of Mundy Gap (Hot Saeines 182-NE quadrangle) and on an access
road southwest of U.S. Highway 70 leading from Tennessee Highway 107
in to Paint Creek and Rich Mountain (574,000'N.

2,945,000'E., Tennessee

Coordinate System) about 200 yards northwest of the Paint Creek

crossing.

In both of these locations Ocoee rocks are thrust over Shady

dolomite of the Del Rio thrust sheet.

The fault contact can be located

within a few yards on Back Creek near Hayesville, Devils Kitchen Branch,
and along the crest of Short Mountain northeast of Hayesville (Lake
Davey Crockett 181-SE quadrangle), where Sandsuck beds are faulted
en Shady Dolomite

and on Jennings Creek (Greystone 190-SW quadrangle)

where clay shale of the Sandsuck Formation is thrust over Sevier Shale
of the Pulaski thrust sheet.
Whereas, stratigraphic relations vary along the Buffalo Mountain
thrust fault, Snowbird being faulted on Shady at the southwest end of
the thrust sheet and Sandsuck or Unicoi being faulted on Sevier or
Knox at the northeast end of the area of study, stratigraphic displacement appears to be of the same magnitude at both ends; about 10,000
feet.

The best evidence for the magnitude of horizontal movement within
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the area of study along the Buffalo Mountain thrust fault is the Hot
Springs Window, which contains rocks as young as the Rome Formation.
The writer believes the Buffalo Mountain thrust sheet arched over the
Hot Springs window rocks after the emplacement of these rocks along
the Pulaski thrust fault.

Therefore a minimum magnitude of horizontal

movement, from the northwest border of the Buffalo Mountain thrust

sheet to the southeast side of the Hot Springs window, would be about
10 miles.
The Buffalo Mountain thrust fault is a low-angle fault with
dips ON from 4 degrees to 35 degrees to the southeast.

The fault

apparently flattens at depth, as indicated in structure sections A-~A'
through H-H'.

These sections also portray a gently undulating fault

surface in keeping with the writer's opinion that the Buffalo Mountain
thrust sheet overrode the folded Pulaski thrust sheet and then was
slightly folded itself.
The structure sections also indicate that, while the Buffalo
Mountain thrust sheet is interpreted by the writer to have ridden along
an undulating bedding surface without bevelling highs on the Pulaski

thrust sheet, the Buffalo Mountain thrust fault cuts across beds in the
Buffalo Mountain thrust sheet.

developed across folded strata.

‘The fault therefore appears to have

Beds within the Buffalo Mountain

thrust sheet adjacent to the fault consistently dip more steeply than
does the fault.

The fault thus descends in the stratigraphic section

toward the northwest margin of the thrust sheet.
southwestward along the strike of the fault.

The same is true

At the northeast end of
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the area of study Unicoi rocks are thrust over Sevier Shale,

At Horse

Creek, 2 miles southwestward, Sandsuck shale forms the toe of the thrust
sheet.

Sandsuck rocks continue as the lowermost beds in the thrust sheet

southwestward to the west end of Ricker Mountain (Hot Springs 182-NE
quadrangle) where Snowbird rocks are faulted on ShadyDolomite.
A lower thrust sheet bounded by the Meadow Creek Mountain thrust
fault protrudes from beneath the Buffalo Mountain thrust fault near

the crest of Short Mountain about 3/4 mile northeast of Hayesville
(Lake Davey breckack 181-SE quadrangle).

Here, Sandsuck arkose over~

lies a thin wedge of Shady Dolomite which is in turn faulted onto Sevier
Shale.

Northeast from this location along the front of Short Mountain,

Sandsuck beds lie directly on Sevier Shale,

This thin wedge of Shady

Dolomite is the northeasternmost exposure of the Del Rio thrust sheet.
This thrust sheet may continue further northeastward under the Buffalo
Mountain thrust sheet, which it predates.

However, because no exposures

of the Del Rio thrust sheet are known further to the northeast, neither
in windows nor to the front of the Buffalo Mountain thrust sheet, the

writer suggests that the Del Rio thrust sheet wedges out from its
base upward beneath the Buffalo Mountain thrust sheet a short distance
beyond the northeasternmost exposure of Shady Dolomite on Short Mountain,
as indicated in structure section E-E'.

The Buffalo Mountain thrust

fault, replaced at the mountain front by the Meadow Creek Mountain thrust
fault, assumes a more south-southwesterly course back into the mountains
across the Del Rio thrust sheet (Fig. 37, p. 91) and continues as the
Hot Springs fault into North Carolina.
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The dip of the Hot Springs fault is interpreted by the writer
to be about 45 degrees to the east-southeast; somewhat less than the
dip of the beds in the hanging wall adjacent to this fault, in keeping
with the character oi the Buffalo Mountain thrust fault to the northeast.

Slight irregularities eccur in the dip of this fault in the

vicinity of Rough Branch as indicated on Plate I.
Although topography is useful in a general fashion for locating
the northwest margin of the Buffalo Mountain thrust sheet, in the
ee eee tion of the area mapped by the writer, colluvium from
the mountains has masked the true profile formed by the lowermost
quartzite beds of the thrust sheet, so that the fault contact cannot be

extended laterally over the slopes along the mountain front strictly
on basis of dip determinations from three-point calculations.

Allowance

must be made for ‘the thick accumulations of rock and’soil at the foot
of the mountain front.

To some extent Sandsuck clay shale, exposed

in road cuts along the front of the mountains, has aided in delimiting
the northwestward extent -of the thrust sheet.
The Greene Mountain and Paint Creek synclines’ are evidence
of folding of the Buffalo Mountain thrust sheet dilues during a late
stage of movement or after movement along the Buffalo Mountain thrust
fault ceased.
A small "split" branches off the Buffalo Mountain fault 300.
yards southwest of U.S, Highway 70 and extends northeastward roughly ©
parallel to and southeast of the Buffalo Mountain fault to the vicinity
of the Camp Creek Trail (Lake Davey Crockett 181-SE quadrangle 618,500'N.
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2,961,500E'., Tennessee Coordinate System).

Along the northeast portion

of this "split" Sandsuck shale is faulted on lowermost Unicoi arkose.
Southwestward, past Horsehitch Gap, along Back Creek, and across the
northwest flank of Rich Mountain, Sandsuck is faulted on both Sandsuck
and Unicoi.

The subsurface configuration of this split, as interpreted

by the writer, is shown in structure sections DeD, E-E’, and F-F'..
Horizontal displacement along the split, as shown in memdoraune section

F-F', is about 600 feet, and stratigraphic displacement is about
300 feet.

Thrust faults within the Buffalo Mountain thrust sheet

The northwestern-most fault within the Buffalo Mountain thrust
sheet in the present area of study (Plate I, fault a) has been traced

by the writer into the southwestern Bald Mountains as far southwest-)
ward as the northwest flank of Greystone Mountain (Greystone 190-SW

quadrangle 529,000'N.

2,978,000'E., Tennessee Coordinate System) where

Unicoi feldspathic quartzite can be observed faulted on Hampton shale
in a road cut on the Round Knob access road (Plate I).

‘The same

stratigraphic relations are seen in the vicinity of the fault contact
on Round Knob Branch on the northeast flank of Greystone Mountain,
although the fault contact is concealed there,

The fault continues

in an east-southeasterly direction from Round Knob Branch to Jennings
Creek and then assumes a northeasterly course across Sarvis Cove,

Horse Creek, Squibb Creek, and Turkey Pen Cove to the west fork of
Gassi Creek at the northeast end of the area mapped by the writer.
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Rodgers (Fig. 14, p. 36) mapped this fault in approximately the
same location as observed by the present writer.

Rodgers, however,

postulated different stratigraphic relations along the fault, and he
did not extend the fault as far southwest as Greystone Mountain.
The fault contact can be seen only on the Round Knob access
road.

However, repetition within the stratigraphic section revealed

in outcrops exposed in successive streams to the northeast allows
the fault to be traced from draw to draw.

Although uppermost Unicoi

quartzite is faulted on Hampton shale on the Round Knob access road
and on Round Knob Branch, the east-southeast trend of the fault from
Greystone Mountain to Jennings Creek, oblique to the northeast strike
of the formations, causes the fault to rise in the stratigraphic
section northeastward.

Thus, from Jennings Creek northeastward

Hampton shale and feldspathic quartzite are faulted on vitreous, tan
quartzite and laminated, grey shale of the Erwin Formation.
Stratigraphic displacement on this fault is probably less than
1500 feet.

Horizontal displacement within the Buffalo Mountain thrust

sheet is probably less than 1 mile at most in the present area of
study.
The fault dips about 45 degrees to the southeast.

Structure

sections A-A' and B-B' show the fault extending at a moderately steep

angle downward to intersect the Buffalo Mountain thrust fault.

The

fault may have developed from a broken fold after movement along the
Buffalo Mountain thrust fault ceased.

Beds within the hanging wall

and footwall adjacent to the fault have nearly the same dip as that
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of the fault, indicating that the fault probably follows a bedding

plane down to the Buffalo Mountain thrust plane.
The writer found no evidence of this fault southwest of Round
Knob, although it may be present under colluvium in the lower Unicoi
or Sandsuck oun tab mountain front at the base of Reynolds Ridge.
If this is the case the fault should probably be extended to join the.
split at Camp Creek Trail mentioned in discussion of the Buffalo
Mountain thrust sheet.

However, for lack of evidence the writer elects ©

to end the fault on Greystone Mountain, postulating a hiloae this
location.
The deindenane northwesterly fault (Plate-I, fault b) in the
present area of study has been traced by the writer within the southwestern Bald Mountains from the northeast end of the mapped area as
far as the vicinity of Allen Gap on U.S. Highway 70 to the Appalachian

Trail where the fault crosses the state line diagonally southwestward
into North Carolina.

The fault contact was not observed within the

southwestern Bald Mountains, the thrust fault being recognized instead
by repetition with the stratigraphic section.

From the northeast edge.

of the mapped area southwestward to the Spruce Thicket Trail on Dry
Creek just east of Low Gap on Little Bald Mountain Unicoi feldspathic
quartzite and arkose can be observed overlying either Erwin quartzite
and shale orHampton shale in most intervening draws.

The fault is

concealed by a higher thrust sheet bounded by fault d from the Spruce _
Thicket Trail southwestward through Low Gap, but it re-emerges along
the Camp Creek Bald access road in the vicinity of the upper Paint
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Creek Udduaders southwest of Low Gap.

Unicoi arkose and Sandsuck

shale are faulted successively upon Hampton shaleand Unicoi feldspathi¢
quartzite along upper Paint Creek southwestward Boas, Low Gap.

Near

the southwest end of Greene Mountain, Sandsuck is faulted on Sandsuck,
and this stratigraphic relationship continues southwestward to the
point where the fault crosses the state line into North Carolina, with

the exception of two small areas north of U.S.Highway 70 and west
of Paint Creek where Sandsuck shale is fuleed on small synclinal
remnants of lower Unicoi arkose and conglomerate.
Rodgers (Fig. 14, p. 36) also mapped a portion of fault b
within the present area of study.

However, he indicated its disappear-

ance beneath a higher thrust sheet bounded by a fault corresponding
to the writer's fault d approximately 3 miles northeast of the point
where the present writer observed this disappearance.

Also Rodgers

did not recognize the Ee of fault b in the upper Paint Creek
valley.
Fault b bifurcates near he couch end of Greene Mountain, the

Uoneudetbeauen (Plate I, fault c) swinging west around the southwest
nose of the dheene Mountain syncline and then southwest, paralleling
Rough Branch on the northwest side to its stuneidon wit Paint Creek
at U.S. Highway 70.

From U.S. Highway 70 the fiule continues south-

vware along lower Paint Creek, finally turning west again on the
north side of lower Paint Creek to meet the Hot Springs fault approxi mately 300 yards west of the junction of the Rich Mountain access road
and the road to Paint Rock on the French Broad River.

Whereas the
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fault contact cannot be located precisely, mainly because of the
similarity of rocks in both hanging wall and footwall, intense fracturing and folding with abrupt changes of dip are displayed on tributaries
on the northwest side of Rough Branch, along lower Paint Creek where
the fault trace lies within the creek as shown on Plate I, and on the
road to Rich Mountain about 400 yards southeast of its junction with ©

the road to Paint Rock.
Fault c descends in the stratigraphic section southwestward,
Snowbird being faulted on Snowbird 300 yards southwest of U.S. Highway 70.
It Eyacenelyoviginaced as a broken fold, and movement along the fault
has been minor.

Stratigraphic displacement is indicated on structure

section E-E' to be about 3,500 feet, although this value diminishes
northeastward to about 600 feet (structure section E-E').

Horizontal

displacement is probably half a mile at most.
The writer estimates that the fault dips 30 degrees to 40 degrees
to the southeast.

However, because the strike of the fault is somewhat

erratic, the trace of the fault gives the impression of an extremely
low angle of dip, especially at the southwest end of Greene Mountain.

Structure sections E-E', F-F', G-G', and K-K' portray the writer's
itariretarton of the subsurface configuration of the fault.

The

broken fold is evidenced in sections E-E' and F-F'.
Beds adjacent to the fault in the begeiue wall along the north=east portion of the fault have about the same dip as the fault (structure
section E-E'); from 30 degrees to 50 degrees to the southeast.

Beds

in the footwall adjacent to the fault contact in this area form the

109
southeast flank of the Greene Mountain syncline, and they therefore
dip away from the fault contact.at the surface.

Structure section

E-E', however, Sue en a reversal of dip in the footwall at depth
which has been inferred by the writer to be in keeping with a dip
reversal noted in surface exposures of the footwall along the northwest
side of Rough Branch further southwest (structure section F-F').
This dip reversal is in harmony with the writer's concept that this
fault originated as a broken fold.
The fault generally parallels the axis of the Paint Creek
syncline southwest of U.S. Highway 70.

Along the fault trace, south-

west of U.S. Highway 70, beds in both the hanging wall and footwall
of the fault dip more toward the northeast, oblique to the southeast
dip of the fault.

At the extreme southwest end of the fault, where it

swings to a west-northwesterly course and assumes a southwest dip,
beds of both the footwall and hanging wall dip to the northeast
intersecting the fault plane at a considerable angle, as shown in

structure section G-G'.
Fault c conceals any northeastward continuation of the Paint
Creek syncline, the highest beds of which are exposed on Rich Mountain
northeast of U.S. Highway 70 (Plate I).

Northeast of the junction

of fault c with fault b at the south end of Greene Mountain, fault b
is seen on Plate I to truncate the southeast flank of the Greene
Mountain syncline.

The highest of the series of thrust faults, fault d, Plate I,
in the present area of study has been traced by the writer from Squibb
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Creek at the northeast end of the area of study southwestward to
approximately 1 mile southwest of Little Bald Mountain, where the fault
crosses the state line into North Carolina (Plate I).

This thrust fault

roughly parallels the state line in the southwestern Bald Mountains,
lying immediately northwest of, and in places along, the Appalachian
Trail.

The thrust sheet bounded by fault d contains only Snowbird

rocks in the area mapped by the writer.
The fault céntact is not visible within the southwestern Bald
Mountains, but the most accessible location for observing the rocks
adjacent to the contact is at Low Gap on the Camp Creek Bald access
road (Greystone 190-SW quadrangle).

Here the dark-greenish=grey,

spheroidal-weathering, feldspathic sandstone of the Snowbird (Plate IV,
sue16) overlies platy, brown siltstone and shale of the Erwin Formation.

The same stratigraphic relations are present from Bald Mountain

southeast of Round Knob along the Appalachian Trail to Jerry Cabin,
the fault contact lying almost on the Appalachian Trail in this interval.
In other areas Snowbird rocks are faulted on either Hampton or Unicoi
beds of the next lower thrust sheet protruding from beneath this fault.
Rodgers (Fig. 14, p. 36) mapped fault d in the southwestern
Bald Mountains also.

However, he plotted its trace from half a mile

to a mile and a half northwest of the state line in the northeastern

portion of the present area of study.

He also postulated that the

fault trace parallels the Camp Creek Bald access road along upper Paint
Greek, confusing this fault with fault b, which re-emerges from beneath
fault d at Low Gap to follow the Camp Creek Bald access road southwestward.
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This mistake is easily explained, for the Snowbird quartzites of the
fault slice bounded by fault d contain intervals of arkose which can
be confused with Unicoi arkose in the fault slice bounded by fault b
along upper Paint Creek.
Thus, Redgers postulated the continuance of fault d across
U.S. Highway 70 and down lower Paint Creek to merge with the Hot Springs
fault.

Rodgers recognized the existence of a fault along Rough Branch

which the writer has mapped as fault c¢on Plate I.

Rodgers also recoge-

nized the northeast portion of the "split" fault which parallels the
Buffalo Mountain fault from Camp Creek Trail southwest to the vicinity
of U.S. Highway 70.

Rodgers did not, however, recognize the nature

of the junction of the writer's fault b and fault c at the south end
of the Greene Mountain syncline.

Therefore, Rodgers confused this

"split" fault with the writer's fault c, extending the split south
of its fault trace as mapped by the present dL tat and indicating
disappearance of the split beneath his extension of the writer's fault d
in the vicinity of the junction of Paint Creek and U.S. Highway 70,
rather than a junction of the split with the Buffalo Mountain fault just
west of U.S. Highway 70.

:

Fault d possesses a dip of 15 degrees to 30 degrees to the
southwest, although in one local area, in the vicinity of Cold Spring
Mountain at the northeast end of the study area, it appears to dip
about 4 degrees to the northeast.

This dip is probably a minor anomaly

and is not portrayed in structure section A-A'.
The prominent Snowbird quartzite beds in the thrust sheet bounded
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by fault d are responsible for the steep slopes and cliffs on either
Side of the Appalachian Trail.

These quartzites have shielded under-

lying shales of the Hampton and Erwin Formations from erosion.

An

abrupt lessening of the slope is observed 600 to 800 yards northwest
of the Appalachian Trail where these shales are no longer under the
protective influence of the quartzites.

Whereas the thrust sheet thus

has marked topographic expression, the fault contact does not always
lie at the level where the slope steepens noticeably.

In draws where

the fault can most closely be located, it is generally found to lie
well above the break in the slope.
Beds above and below the thrust fault in most cases parallel
the dip of the fault, as is indicated on structure sections A-A', B-B',
and C-C'.

Although horizontal displacement cannot be estimated,

stratigraphic displacement is probably equal to almost the entire
thickness of the Chilhowee Group, plus that of the Sandsuck Formation
and 3,400 feet of Snowbird, or spprokineuals 11,000 to 13,000 feet.

Although fault d is indicated by the writer to have originated satin
the Buffalo Mountain thrust sheet, rocks similar to those in the thrust .
sheet bounded by this fault are not found elsewhere in the southwestern
Bald Mountains.

The thrust sheet probably traveled a considerable

distance along a bedding plane after the fault developed in a broken
fold to the southeast in North Carolina,.

Future mapping in North Carolina

may prove that this thrust sheet is not part of the Buffalo Mountain
thrust sheet, and that it post-dates the Buffalo Mountain thrust sheet
in movement.
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A thrust fault at the southwest end of the Buffalo Mountain
thrust sheet (Plate I, fault e) has been mapped by the writer from
immediately north of Deep Gap on the Appalachian Trail (Hot Springs
182-NE quadrangle, 592,000'N, 2,950,000'E Tennessee Coordinate System)
to Ramsey Gap (574,000'N, 2,942,000'E Tennessee Coordinate System).
This fault is interpreted by the writer to be a southwest extension
of Shekarchi's (1959, p. 117) Big Branch fault (Fig. 37, p. 91).
Recognition of this fault is not indicated in literature predating
the present report.

The thrust sheet bounded by this fault contains pale greenish
arkose and conglomerate of the SnowbirdFormation.

Beds within the

thrust sheet are overturned to the northwest, as indicated in structure
sections F-F', G-G', and H-H'.

The thrust sheet lies on the southeast

flank of the Paint Creek syncline.

Along the entire extent of this

fault in the present area of study Snowbird rocks comprise both the
hanging wall and footwall.
The thrust fault contact has not been observed by the writer
in the area of study.

However, intense fracturing, minor faulting,

and quartz vein intrusions have been observed in the immediate vicinity
of the fault trace, along tributaries on both sides of Little Paint
Creek and on the Rich Mountain access road about 800 yards southeast
of Courtland Place.
The writer interprets the fault to dip from 35 degrees to
45 degrees to the southeast.

Surface exposures on the southeast side

of the fault trace indicate that beds of the hanging wall. have dips
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much steeper than that of the fault.

This is indicated in hanging walls

shown in structure sections F-F', G-c', and H-H'.

However, the writer

has elected to portray beds of the hanging wall as being folded under
at depth to indicate drag along the fault plane, thus explaining the
overturned beds in the hanging wail.
An abrupt steepening of slope occurs southeast of the fault
trace.

This is due to the predominance of massive, resistant arkose

and conglomerate beds in the hanging wall in contrast to the soft
siltstones and shales of the footwall to the northwest.
graphy is thus somewhat of an aid in locating this fault,

Although topothe chief

means of recognition of rocks within this thrust sheet is their
structural habit.

The overturned attitude of the beds in the thrust

sheet contrasts with that of the beds to the northwest in the Paint
Creek syncline.

Also the degree of metamorphism of these rocks is

greater than that of similar, apparently equivalent rocks northwest
of the fault, as is discussed in a later section.
Shekarchi (1959, p. 117) suggested that the Big Branch fault
cuts off and displaces the Buffalo Mountain thrust fault in the
subsurface, because he could not find the Buffalo Mountain fault
on the southeast side of the Rich Mountain syncline.

While this is

one explanation, the writer prefers to interpret this fault in the

southwestern Bald Mountains as a slice which extends downward to
join the Buffalo Mountain thrust plane, having developed during a late
stage in movement, and probably after folding, of the Buffalo Mountain
thrust sheet.
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Inasmuch as arkose beds within the thrust sheet resemble those
at the base of the exposed Snowbird section in the Paint Creek syncline
Which are exposed earthed line fault c from Little Knob to Bellcow
Mountain and Meadow Ridge (Hot Springs 182-NE quadrangle, 585,000'N.
2,934,000'E., Tennessee Coordinate System), stratigraphic displacement
is limited to some value less than the total thickness of the Snowbird
Formation within the Paint Creek syncline.

The stratigraphic displace-

ment is probably less than 1,000 feet at Ramsey Gap and increases to
possibly 2,000 feet or more at Deep Gap as indicated by the thickness
of the siltstone interval below the uppermost Snowbird arkose shown
in Plate IV, sec. 15.

The greenish arkose of the thrust sheet appears

to rest on beds corresponding to the top of this siltstone interval at
Deep Gap.

Horizontal displacement is probably less than a mile, the

fault having originated in a broken fold somewhere between the Hot
Springs window and the present area ofstudy.

Windows

Two small windows containing Erwin quartzite and completely
surrounded by rocks of the Hampton iddileGaaeieate Member, have been
mapped by the writer southwest of the Hot Springs fault in the lower

Paint Creek-French Broad River area (Plate I).

Rodgers (Fig. 14, p. 36)

mapped the northerly one of the windows as a syncline.

However, the

lack of upper Hampton beds around the quartzite in the window, the
anomalous bedding attitude of the quartzite and the lack of evidence
for a synclinal nature in the surrounding Hampton beds lead the writer
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to conclude that the quartzite is exposed in a window.
The window to the north extends along the upper course of Cummins
Branch from 200 yards below the access road connecting Tennessee Highway 107 with the French Broad River at Paint Rock to the extreme head=
ward tributaries of this branch,

The window is approximately 3,200 feet

long and is estimated to be 900 feet wide at its mid-point.
Rocks within the window consist of massive,

fine= to medium-

grained, tan to light-grey, vitreous quartzite and platy, brown, finely
laminated siltstone.

These rocks possess dips of 20 degrees to

35 degrees generally to the south.

A minor fault occurs in the quartz

ite, trending N50°W to N75°W and dipping 80 degrees to 85 degrees to
the southwest.

Cummins Branch follows the course of this fault.

A

breccia, consisting of quartzite blocks 1 to 2 inches long, is cemented

with quartz to the surface of the fault.
Although feldspathic quartzite of the Hampton Middle Quartzite
Member caps ridges on the southwest, northwest, and northeast sides
oe Gumnins Branch the headwaters of the stream are presently cutting
through shale underlying this quartzite.

This shale is exposed along

a recent logging trail at the headward extremities of Cummins Branch.
However, due to the lack of eeeeoleks elsewhere on the slopes along
the Cummins Branch stream channel, the writer was forced to arbitrarily
define the Lateral boundaries of the window by topography, Limiting
the window to the deep draw cutby Cummins Branch.

The window exposure

is due to complete breaching of the overlying thrust sheet by Cummins.
Branch.
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The inferred structure of the rocks underlying the breached
thrust sheet is shown in structure section I-I'.

The attitudes of the

quartzite within the window support the interpretation of an anti-

clinal fold in the footwall beedsed in this window.
The second window lies on the south side of the French Broad

River in a deep draw about 400 yards west of the lower twin bridge
which spans the French Broad River at Lanceville (Plate I).

The rock exposed in the window consists of fine-grained, tan,
massive-bedded, vitreous quartzite, typical of the Erwin Formation in
this region and identical to the quartzite described in the window to
the north.

The rocks surrounding the window are medium~ to massive-

bedded, fine-grained, light-brown, slightly feldspathic, quartzitic

sandstone of the Hampton Middle Quartzite Member and laminated siltstone of the Hampton Upper Member.

Although exposures are few, the

anomalous east dip of the quartzite within the window in contrast to
the northwest dip of the surrounding Hampton beds, and its topographic
Voeabton. at the bottom of a draw cut into Hampton beds, lead ia

writer to conclude that this is a window.

Structure section J-J' shows

the interpretive Sublease denft merktion of the footwall giving rise
to this window.
A comparison of structure-sections I-I' and J-J' reveals that
section J-J' extends about 1 mile farther to the southeast than does
section I-I'.

Whereas only one footwall fold is needed to explain

surface structural features in section I-I', two such folds are needed
in section J-J', the second lying to the southeast of that in section
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I-I'.

Presumably if section J-J' were to be extended farther to the

southeast, additional folds would be portrayed in this footwall, as
shown in structure section H-H' and subsequent sections to the northeeast.

In fact, the variable attitude of Snowbird beds depicted in

structure section H-H' strongly suggests folding of the footwall
beneath the thrust Wibot containing these beds.
The writer suggests, therefore, that these two small windows
provide an important clue to the structural nature and history of the

thrust sheets forming and underlying the southwestern Bald Mountains
and the region immediately southwest of the Buffalo Mountain thrust
sheet.

In the northeastern portion of the area mapped by the writer,

the subsurface structure of which is portrayed in serhetare sections

A-A' through D-D', very little or no folding of the footwalls of any
of the slices within the Buffalo Mountain thrust sheet is necessary
to explain surface structural features.

To the southwest, as lower

portions of thrust sheets are encountered, the surface structure
implies an increasing amount of folding in underlying thrust sheets.
This evidence suggests that after each thrust sheet was emplaced it
was folded and subsequently refolded more intensely as younger sheets
were thrusted over it and in turn also folded.

Minor structural features

Folds

Minor folds ranging from gentle warps to sharp chevron-type folds,
and in many cases associated with faults, are common throughout the
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southwestern’ Bald Mountains.

Flexure folds occur in competent rocks,

such as sandstone and quartzite, and original bed thickness is preserved,

although the beds may be intensely jointed.

Shales, where folded,

generally show flowage and may possess fracture cleavage.
Folding is most pronounced in both Muhetna wall and footwall
near bile contacts.

This characteristic is useful for narrowing the

margin of error in locating a fault where the actual fault surface
is not exposed,

Folds become more abundant toward the southwest end of the
Buffalo Mountain thrust sheet where beds closer to the Buffalo Mountain

thrust fault are exposed.

The same situation probably exists to the

northeast in the subsurface, the folds dying out upward so that they
are not expressed at the surface.

Joints

Joints are fractures in rock that have originated in response
to an applied stress.

These fractures may have different orientations

within the same structure, depending on their modes of origin.
De Sitter (1959, p. 131) has described and analyzed the different
types of joints that may boeat te folds and a summary of his analysis
follows.

Shear-joints are oriented at an acute angle to the deforma-~

tive stress; theoretically about 30 degrees.
parallel te the stress.

Tension-joints form

A secondary stress condition, caused by

elastic bending of strata, may cause an additional set of shear=
joints, the acute angle between which is bisected bythe axis of the
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fold originating from the primary stress.

Release tension-joints,

formed after the stress has relaxed, may be parallel or perpendicular
to the axis of the fold, depending on whether they release the main or
the secondary stress.
Because of these different types of joints, if joint attitudes
from many separate outcrops on a certain structure are plotted together
for analysis on a single stereographic point diagram (Billings 1954,
p. 111) a continuous girdle of points around the circumference of the
diagram will probably result (De Sitter 1959, p.-lll).

This girdle

need not be interpreted as due to a varying stress direction, but
rather to the multitude of possible joints resulting from a single
stress.

Differences of joint patterns from one outcrop to another

may also be due simply to a difference in rock type, one lithology
being preferred by one kind of joint, the other by another.
The Chilhowee Group displays jointing, but this is rarely
well-developed.

Where present it will normally be most intense in

the vitreous quartzite and hard, ferruginous sandstone of the Erwin
Formation.

The more quartzitic sandstones of the Hampton may show

scattered joints, and Unicoi feldspathic quartzite and arkose are
intensely jointed in certain areas, especially near thrust fault
contacts.
A stereographic contour diagram (Fig. 38) for 150 joint attitudes
measured by the writer in the southwestern Bald Mountains was prepared
according to the procedure described by Billings (1954, pp. 198-214).
A fairly random scattering of joints, as expected, is shown, although
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Figure 38. Contour diagram for joint measurements taken in the southwestern Bald Mountains. Distribution of poles of perpendiculars
to joint attitudes shown.
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the majority have steep to vertical dips.
At the southwest end of the Buffalo Mountain thrust sheet joints
in Ocoee peje cut across fracture cleavage and slaty cleavage.

These

joints are thus younger than the cleavage and may have formed in the
final stages of movement of the thrust sheet.

Cleavage

Fracture cleavage, according to De Sitter (1956, p. 95), occurs
in folded Heda da which the deformation is expressed not so much by
bedding planes as by a multitude of internal plansr shear planes.
In such case bedding is generally partially or completely destroyed.
Fracture cleavage can exist in folded strata along with concentric
shear, the latter being restricted to competent, hard, brittle sandstone layers and the former to incompetent, soft, ductile shale layers.
Where the sandstone layers are concentrically folded to maximum compression the shaly beds must accomodate themselves to the spaces left
ba bvean the folds of sandstone.

thd! 1) bodeup)iened by cleavage.

Although one kind of fracture cleavage is found in certain competent
beds of a severely compressed sequence and must be considered as
having originated as shear planes oblique to the stress, generally
fracture cleavage is roughly parallel to the axial plane of the fold
in which it occurs and thus must have developed as a flattening of the
rock caused by the same stress that produced this fold.
Slaty cleavage, or true cleavage as interpreted by De. Sitter
(1956, p. 98), is cleavage in which a small amount of recrystallization
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has taken place on cleavage planes.
fracture cleavage.

Slaty cleavage can develop from

Where other minerals in addition to micas become

involved in recrystallization, with resultant disappearance of original
bedding, the term flow cleavage is used.
Slaty einavaen also normally roughly parallels the axial plane
of the fold in which it is developed.

The reason why slaty cleavage

develops in one area and fracture cleavage in another is not known,
Wi thaugh the determining factors are probably variations in the combination of confining pressure, deformative stress, and temperature,
Since the axial plane of a fold is perpendicular to the greatest
stress direction, and since fracture cleavage and slaty cleavage both
parallel the axial plane in many cases, they must have been aces
by the same stress.

Slaty cleavage and flow cleavage, therefore, are

not due to oblique shear, but arise from a simple flattening of the
rock in a direction parallel to the largest principle stress axis.
Cleavage, as defined by De Sitter, is bontinad to Ocoee rocks
in the southwestern Bald Mountains.

Fracture cleavage, although not

displayed in Sandsuck shale and siltstone along the northwest front
of these mountains, is moderately well-developed in these same rocks
as can be seen in road cuts and stream channels along the west flank
of Greene Mountain, and to the southwest along Devils Kitchen Branch |
and Back Creek.

Fracture cleavage is also fairly well-developed in

Sandsuck shale in places along the upper portion of Paint Creek.

In

no case within these areas is fracture cleavage present in arkose and
feldspathic quartzite of the Unicoi Formation preserved in synclines.
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These competent rocks seem to have yielded to stresses by concentric
shear along bedding planes.
Fracture cleavage is da titedevel opwd in Sandsuck shale aud siltstone exposures in roadcuts along U.S, Highway 70.

It increases in

intensity eastward along this iata toward the state line and
southwestward from the highway into the lower Paint Creek drainage

basin.

Fracture cleavage is almost universal in the Lower Paint Creek

drainage basin, in places developing into slaty Manvaue,

Faint lamina=

tions in the greenish-grey to bidet Snowbird siltstone provide the only
evidence of former bedding in much of this region.

The feldspathic

quartzite and greenish arkose of the Snowbird on Buzzard Roost Ridge
and Ricker Mountain in many cases possess intense fracture cleavage,
having yielded to stress by planar shear rather than by concentric
shear in contrast to the Unicoi rocks to the northeast.

Faint, dark

cross-laminations remain as evidence of former bedding in these coarsegrained rocks.

Along the Appalachian Trail from Allen Gap on U.S. Highway 70
southwest to Ramsey Gap slaty cleavage is intense in Snowbird shale and
siltstone, grading in places into flow cleavage.

Fracture cleavage is

prevalent in Snowbird arkose along this portion of the trail, and in
the vicinity of Deep Gap, 1.5 miles south of U.S, Highway 70 on the
Appalachian Trail, incipient slaty cleavage in Snowbird granular arkose
is expressed by reorientation of feldspar and quartz granules into
vague linear trends.
Fracture cleavage is weakly and sporadically developed and confined
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to Snowbird shale and siltstone northwest from Ramsey Gap to the Hot

Springs fault to the southwest end of the Buffalo Mountain thrust
sheet.

The quartzites and arkoses of the Snowbird along the Appalachian

Trail northeast of U.S. Highway 70 do not possess cleavage.

Figure 37

(p. 91) and Plate I indicate that Snowbird exposures here are contained
within a different thrust sheet from that in the lower Paint Creek
drainage basin.
A reconnaissance by the writer of the Del Rio district mapped by
Ferguson

revealed that fracture cleavage and slaty cleavage are present

in Snowbird rocks of the Del Rio thrust sheet.

Fracture cleavage is

sporadically developed in Unicoi shales of the Del Rio thrust sheet,
Successively older rocks are exposed southeastward in the Del Rio thrust
Hines and cleavage also increases in that direction.
Thus, whereas cleavage is almost totally confined to Ocoee rocks
in both the Buffalo Mountain and Del Rio thrust sheets within the southwestern Bald Mountains, it appears equally dependent on location, being
concentrated in the southwest end of the Buffalo Mountain thrust sheet,
increasing therein southeastward, and increasing southeastward in the
Del Rio thrust sheet.

Other minor structural features show a similar

increase in intensity toward the southwest end of the Buffalo Mountain
thrust sheet.

These are described and explained in subsequent pages.

A contour diagram (Fig. 39) for 150 cleavage attitudes in the
southwestern Bald Mountains was prepared by the writer after Billings'
(1954, pp. 108-114) procedure.

A substantial high lies between N60°W

and N80°wW with magnitudes from 50 degrees to 75 degrees.

Because poles
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Figure 39. Contour diagram for cleavage measurements taken in the
southwestern Bald Mountains. Distribution of poles of perpendiculars
to cleavage attitudes shown.
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of perpendiculars to cleavages have been plotted, a concentration of
cleavages with strikes ranging from N10°R to N30°E and with dips from
50 degrees to 75 degrees to the southeast is apparent.
Structural trends in the southern Appalachians have influenced
most geologists to postulate a sub-horizontal force directed from the
southeast during the Appalachian Revolution.

If De Sitter's interpre-

tation for the origin of cleavage is correct, then cleavages in the
sul thwee tee Bald Mountains should be roughly perpendicular to the
direction of this applied force, provided that they developed during
movement of the thrust sheets in the Appalachian, Revolution.

This

being the case, the force was applied from a direction ranging from
S60°E to S80°E, the greater weight being on the $80°E side.

‘The present

dip of the cleavage would suggest a force directed downward from the
southeast at an angle of 20 degrees to 45 degrees.

However, in the

writer's opinion, the cleavages may have developed before folding
ceased or imbricate thrusting within the thrust sheet commenced.

. These

cleavages may have become slightly disoriented in regard to dip by
late novemsnts . so that they no longer accurately reflect the angle

with respect to horizontal at shin the force producing them was
applied.

The cleavage contour diagram indicates a force applied from
amore easterly direction thes is generally reflected in southern
Appalachian structural trends.

This may explain the unusual north-

northeasterly trend of the Hot Springs fault.

The southwest portion

of the Buffalo Mountain thrust sheet may have moved into its present
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position along a more westerly course than other parts of the sheet to
the northeast. ‘If the anticlinal fold exposed in the Hot Springs
window pre-dated movement of the Buffalo Mountain thrust sheet it could

have served as a pivot for rotation of the present southwest end of this
sheet from a northwesterly to a more westerly course.

Mineral alteration and metamorphism

Hayes (1891, p. 148) observed that rocks of the southern Appala-~
chians show a southeastward increase in metamorphic effects from
unaltered rocks of the Great Valley to mica- and garnet-schists,

The

southwestern Bald Mountains Be ie a transition zone in which metamorphic effects range from nil to chloritization and slaty cleavage
development.

Chilhowee rocks of the southwestern Bald Mountains show only
sericitization of feldspar, both in larger grains and in the matrix
between grains.

Sericite (Rogers and Kerr, 1942, p. 327) is a second-

ary mineral formed by hydrothermal alteration of silicates, especially
feldspar.

Ocoee rocks are, in addition to being sericitized, in many cases
strongly chloritized, especially the siltstones and shales which possess
a resultant greenish cast.

Chlorite results from the alteration of

silicates containing aluminum, ferrous iron, and magnesium, such as
pyroxenes,

amphiboles, biotite, and garnet (Dana, 1952, p. 355).

Shale and siltstone of the Sandsuck Formation along Back Creek,
Devils Kitchen Branch and upper Paint Creek generally have a dark-greenish
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cast due to chlorite in the cement ( Fig. 16, p. 44).

Chlorite is

abundant in the matrix of the greenish, massive~bedded, spheroidal-~
weathering sandstone of the Snowbird on Little Bald Mountain (Fig. 7,
p. 25) but not in other Snowbird quartzites there.
Chloritization is most pronounced in rocks exposed from U.S,
Highway 70 southwestward into the Paint Creek drainage basin, where
arkose and feldspathic quartzite as well as shale and siltstone, possess
a greenish tint.

This greenish color is especially pronounced in Snow-

bird arkose exposures along the Appalachian Trail from Deep Gap 1.5 miles
south of U.S, Highway 70 southwest to Ramsey Gap 600 yards southwest
of the Rich Mountain road on the state line.

From Ramsey Gap northwest

to the point where the Hot Springs fault crosses the state line chloritization is not nearly so pronounced in the arkose, although it persists
in shale and siltstone.

The writer observed also that slaty cleavage

is absent, and fracture cleavage is rare and weakly developed from
Ramsey Gap northwest to the edge of the Buffalo Mountain sheet.

A

southwest extension of the Big Branch fault (Shekarchi, 1959, p. 117)
is interpreted by the writer to cross the state line into North Carolina
in the vicinity of SM Gap, the implication being that the arkose
with strong chloritization and cleavage is restricted to the thrust sheet
bounded by this fault.

At some time prior to imbricate thrusting within

the Buffalo Mountain thrust sheet a portion of this thrust sheet, repre=sented today by the rocks above the Big Branch thrust fault, was probably closer to a source of heat and hydrothermal solutions than the rest
of the sheet, and was thus subjected to a greater degree of metamorphism.
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Quartz veins

Quartz veins occur in Chilhowee rocks in a few areas within the

southwestern Bald Mountains, especially in the Unicoi Formation near
fault traces.

They are much more abundant in the Ocoee, generally

filling joints and cleavage in sandstone, limestone, and dolomite
beds and ranging from .25 to 1 inch thick.

Although rare in Snowbird

quartzites exposed along the Appalachian Trail northeast from Camp Creek
Bald, quartz veins are abundant in Sandsuck sandstone and dolomite beds

cropping out on the west flank of Greene Mountain and along Back Creek
and Devils Kitchen Branch.

¢

Southwest of U.S. Highway 70 white quartz veins are abundant in
the lower Paint Creek drainage basin, on Ricker Mountain, Buzzard Roost
Ridge, and along the Appalachian Trail southwestward to Rich Mountain

where white quartz veins’ up to 2 feet thick are exposed on the access
road south of Courtland Place.

The veins are fairly straight and either

follow bedding planes or fracture patterns, although not all fractures
are filled.

The veins are most concentrated in the vicinity of lee

fault contacts as mapped by the writer.

Synthesis

The present study, while confirming the presence of faults postulated from early reconnaissance within the southwestern Bald Mountains,
has revealed the existence of additional faults, such as faults cand e

in the lower Paint Creek drainage basin.

This study has defined more
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accurately the trends of earlier known faults, and has shown that these

faults in some cases (faults a and b) extend further southwest than
indicated on earlier maps, and in other cases (fault d) pass out of the
area of study far northeast of their postulated southwestward extent
shown on earlier maps.

Earlier workers recognized faulting in many

of the areas where the present writer has mapped fault traces.

The

present study has indicated which of the several major faults mapped
in the southwestern Bald Mountains can be traced through these many
areas of faulting.

This determination of "which fault goes where"

has altered the geology of the southwestern Bald Mountains as visualized by earlier workers (Rodgers, 1953, Plates 4 and 11) most radically in the region lying southwest of Greene Mountain and extending

to the southwestern end of the Buffalo Mountain thrust sheet.

The synclinal nature of rocks in the lower Paint Creek drainage
basin was not recognized by earlier workers, although Rodgers (1953,

p. 11) accurately mapped and named the Hot Springs fault.

The present

report shows that the Hot Springs fault outlines the nose of the Paint
Creek syncline, and that the northeast-dipping beds within this syncline are the controlling element of the unusual curved drainage pattern
within the lower Paint Creek drainage basin.
The present study has revealed the existence within the Del Rio
thrust sheet of small windows in the vicinity of the French Broad River

at the southwest end of the area of study.

These windows indicate

a more intense warping of the slices of the Del Rio thrust sheet than
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is evident in slices of the Buffalo Mountain thrust sheet.

The windows

also indicate that thrust faults within the Del Rio thrust sheet flatten
out at a shallower depth than those of the Buffalo Mountain thrust sheet.
The thinner overlying slices of rocks have thus been more quickly penetrated by erosion.
The present study has shown that a structural trend shal onous
to the synclinorium between the Holston Mountain and Iron Mountain
faults as described by King (1944, p. 11) is expressed in the Greene
Mountain and Paint Creek synclines at the southwest end of the Buffalo
Mountain thrust sheet.

Northeast of Greene Mountain the southeast

limb of this synclinal structure lies east of the Tennessee-North
Carolina state line.

The present area of study is separated from King's

synclinorium by many miles.

$till, when the Rich Mountain syncline

at the northeast end of this study area is Maen to lie in the same
trend as the Greene Mountain and Paint Creek synclines, one may postulate a continuous synclinal trend extending from King's synclinorium
to the southwest end of the Buffalo Mountain thrust sheet.

Likewise,

it may be conjectured that an anticlinal trend, analogous to King's
anticlinorium between the Iron Mountain and Stone Mountain faults,
probably extends parallel to and southeast of the above synclinal trend

from the Mountain City window through the Hot Springs window.
The Buffalo Mountain thrust fault in the southwestern Bald Mountains has been shown to consistently be of more shallow dip than that of
the strata within the Buffalo Mountain thrust sheet.

The fault cuts

downward in the stratigraphic section both toward the northwest margin
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and toward the southwest margin of the thrust sheet at the Hot Springs
fault.

Whereas the thrust fault thus obviously developed across tilted

strata, it is quite unlikely that present structures, such as Greene
‘Mountain syncline and Paint Creek syncline, have been preserved after

being sheared off'a folded footwall far to the southeast and transported
to their present location.

The fact that the synclinal trend is pre-

served in successively lower fault blocks from Rich Mountain in the
Flag Pond’ area southwestward indicates that the entire thrust sheet
was folded, probably after major movement along the Buffalo Mountain
thrust fault ceased and june prior to formation of the more steeply
dipping faults within the Buffalo Mountain thrust sheet.
Structure section B=B! indicdres that the Knox limestone of the
Pulaski thrust block is strongly folded northwest of the toe of the
Buffalo Mountain thrust sheet.

Although the structure section suggests

only mild warping of the Pulaski thrust sheet below the Buffalo Mountain
biuet sheet, due to the diagramatic nature of the drawing, in all likeli-

hood folding equal in intensity to that northwest of the Bald Mountains is
also present beneath the Buffalo Mountain thrust sheet.

During a late

stage in movement of ue Buffalo Mountain thrust sheet, friction,
enhanced by the folds in the underlying Pulaski thrust sheet, probably
increased so that the thrust sheet responded to the pressure from the.
southeast by folding more than by forward movement.

As the folds

tightened, imbricate thrusts developed from folds within the thrust sheet,
the best example of which is portrayed in structure section E-E',
Gertain of the more steeply dipping thrust faults within the
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Buffalo Mountain thrust sheet, such as fault c, are associated with
folded strata dipping at a different angle from that of the fault.
Displacement appears to be small along fault c, and it is possible
that this fault shows on a small scale (structure sections E-E' and FeF')
the conditions under which the Buffalo Mountain fault first developed.
Fault c apparently developed across a fold that was compressed until
it ruptured.

Structure sections I-I' and J-j' within the Del Rio

thrust sheet show a similar fault of very minor displacement, but also
cutting across strata.

Thus, folding of strata within the Buffalo Mountain and Del Rio
thrust sheets probably occurred both before and after the actual thrust
faulting took place.
The most striking difference which the writer observed Lcuben
the structural aspect of the Del Rio district, including the lower Paint
Greek region south of the Hot Springs fault, and that of the southwest
portion of the Buffalo Mountain thrust sheet is the greater structural
complexity in the Del Rio district.

Whereas strike belts of sediments

and faults trending uniformly northeastward can be traced from draw to
draw for miles in the region from Greene Mountain to the northeast end
of the area mapped by the writer, bedding attitudes change abruptly
south of the Buffalo Mountain thrust sheet, creating many small synclines
and anticlines.

Some of these synclines and anticlines are merely

gentle warps, such as the syncline and anticline on Paint Mountain on
the north side of Paint Creek.

In other areas in the Del Rio thrust

sheet, as at Paint Rock and Weaver Bend on the French Broad River, bedding
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attitude can change abruptly and over a large area from almost flat to

vertical.

An additional difference between folds of the Del Rio thrust

sheet and those of the Buffalo Mountain thrust sheet, is that whereas
fold trends in the latter sheet are usually consistent oie the extent
of the fold, the axes of folds in the former sheet commonly bend so that
no regular pattern of folding is present.

Faults in the Del Rio sheet

are numerous and Likewise have erratic traces, which may be due in part
to a fairly flat dip.
Within the Buffalo Mountain thrust sheet southwestward from
Greene Mountain, as successively lower beds in the thrust sheet are
exposed, the structure becomes increasingly complicated.

Although beds

commonly strike northeast along Devils Kitchen Branch northeast of U.S,
Highway 70, small synclinal folds are caused by local changes in dip,
cresting isolated pockets of Unicoi arkose surrounded by Sandsuck

beds (Plate I)

Structure sections F-F', G-G', and H-H' show many tight

folds in Snowbird beds within the lower Paint break portion of the
Buffalo Mountain thrust sheet.

The overturned attitude of Snowbird

beds in the thrust sheet bounded by fault e in the Paint Creek drainage
basin and the extremely steep to vertical dips of Snowbird beds northwest of this fault attest to an increased intensity of deformation above
that observed in structurally higher beds to the northeast in the
Buffalo Mountain thrust sheet.
vhs reason for the increased structural complexity southwest of
the Buffalo Mountain thrust sheet is that an earlier thrust sheet, the
Del Rio thrust sheet, is exposed there.

This thrust sheet and the
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Pulaski thrust sheet were moved into position and folded prior to movement of the Buffalo Mountain thrust sheet.

lower portions of the Buffalo

Mountain thrust sheet, in overriding these earlier thrust sheets, had
to conform somewhat to the folded surface that the earlier thrust sheets

presented, although undoubtedly considerable bevelling took place.
The resulting warps iis ve lower beds of the Buffalo Mountain thrust
sheet moderated upwards.

The Buffalo Mountain thrust sheet was

finally folded when movement had nearly ceased.

Undoubtedly the

underlying Pulaski thrust sheet and Del Rio thrust sheet were folded
still further with it.

Although the broad, straight, and structurally

simple Greene Mountain and Rich Mountain synclines are the uppermost
expressions of this post-fault folding in the Buffalo Mountain thrust
sheet, if beds underlying these synclines at the base of the Buffalo
Mountain thrust sheet were to be exposed, they would probably be found

to be contorted as much as beds exposed in the Del Rio district.

CHAPTER IV

CONCLUSIONS

Stratigraphy

Rocks described by previous workers in areas within the Buffalo
Mountain thrust sheet northeast of the present area of study have been
tetebelal by the writer in the southwestern Bald Mountains.

Excluding

rocks contained within the highest thrust block of this thrust sheet in
the Flag Pond area, the thrust block bounded by fault d in the northeast
part of the present area of study, stratigraphic Wik ace fairly uniform both in lithology and thickness from Buffalo Mountain at the northeast end of the Buffalo Mountain thrust sheet to the southwest end of
this thrust sheet.

Distinctive Chilhowee rocks can be traced from the

northwest corner of the Flag Pond (190-SE) quadrangle southwestward
into the area mapped by chp writer.
The general aspect of the Unicoi Formation in the Buffalo Mount-.
ain thrust sheet, except for the above-mentioned uppermost thrust block,
is light-grey, feldspathic quartzite and arkose, medium- to massivebedded, cross-bedded, and weathering to light-tan.

A conglomerate of

varying thickness marks the base of the formation in many areas.

The

Hampton Formation threudWeut this region is typified by drab-brown
shale and siltstone and dark-brown, massive, smooth-weathering ledges
of sandstone.

Some tan, feldspathic quartzite, resembling that of the

Unicoi, is present in the Hampton, but this lithology is not persistent
Ley
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laterally.

The Erwin aspect resembles that of the Hampton; mainly grey-

brown to bluish-grey, laminated shale and siltstone.

Distinctive beds

of tan, vitreous quartzite and purple, ferruginous, quartzitic sandstone
differentiate the Erwin from the Hampton.

Although previous vee

have used the lowest tan, vitreous quartzite to mark the base of the
Erwin in the Bald Mountains, this lithology is not well enough developed
nor exposed in sufficient abundance in the southwestern Bald Mountains,
except along lower Paint Creek adjoining the Del Rio district, to be
used as a formational boundary. The thinner, but more laterally~
persistent, lowermost purple, ferruginous, quartzitic sandstone is
therefore substituted to mark the base of the Erwin in the Buffalo
Mountain thrust sheet within the present study area.

Where present

in this area the lowest tan, vitreous quartzite lies above this lowermost ferruginous unit.
The uppermost thrust block of the Buffalo Mountain thrust sheet
extends from the Rich Mountain syncline in the Flag Pond area southwestward along the southeast border of the present area of study to

approximately 1 mile southwest of Little Bald Mountain,

The Unicoi

Formation in this thrust block in the Rich Mountain syncline differs
from that in the present area of study in containing intervals of basalt
and in being much more shaly.
The Sandsuck Formation in the uppermost thrust block within the

Rich Mountain syncline consists mainly of shale, but it lacks dolomite
and limestone sequences found in the Sandsuck to the southwest in the
present study area and the Del Rio and Hot Springs districts.

Snowbird
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quartzites of this thrust block in the Rich Mountain syncline and the
present area of study bear Little resemblance to the greenish arkose
‘and feldspathic quartzite exposed at the southwest end of the Buffalo
Mountain thrust sheet and in the Del Rio and Hot Springs districts.
Differences in lithology between the Unicoi, Sandsuck, and Snowbird formations in this highest thrust block and these same formations
elsewhere in the present study area and other areas to the southwest
Suggest that these sequences, now adjacent through thrust faulting,
were deposited in widely separate locales.

Indeed, perhaps this highest

thrust block should not be included as part of the Buffalo Mountain
thrust sheet, but instead should be considered as a separate thrust
sheet.

Further mapping in North Carolina is needed to clarify the

relationship of this uppermost thrust block to the rest of the Buffalo
Mountain thrust sheet.
In general, the Snowbird, Sandsuck, Hampton, and Erwin formations
of the Del Rio thrust sheet closely resemble those of the Buffalo Mountain thrust sheet within the present area of study.

In most parts of the

Del Rio thrust sheet, however, the Unicoi Formation consists mainly of
shale and conglomerate, similar to rocks of the Sandsuck Formation, but
in contrast to the feldspathic quartzite which predominates in the
Unicoi within the Buffalo Mountain thrust sheet.

In the writer's opinion,

shales and conglomerates of the Unicoi in the Del Rio thrust sheet wedge
out northeastward from the top downward, interfingering with the north-~
east facies of feldspathic quartzite.

Thus these shales and conglomerates

would be the lateral equivalents of the Unicoi feldspathic quartzites in
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the Buffalo Mountain thrust sheet.

Unfortunately, the fact that these

two different facies are not present within the same thrust sheet
prevents a positive determination of their relationship to each other.

Tectonics

Major structural features observed by King (1944) in the thrust
sheets of northeast Tennessee can be traced as far as the southwest end
of the Buffalo Mountain thrust sheet.

A synclinal trend seemingly

corresponding to that of the synclinorium which King reported between
the Holston Mountain and Iron Mountain thrust faults is expressed in
the Greene Mountain and Paint Creek uelines which are structurally
lower than, but in the same trend as the Rich Mountain syncline of
the Flag Pond area.

The southeast flank of this synclinal trend, with

exception of the southwest end of the Buffalo Mountain thrust sheet,
lies southeast of the Tennessee-North Carolina state line.

The anti-

clinorium which King observed between the Iron Mountain and Stone
Mountain thrust faults is inferred to continue southwestward from the
Mountain City window through the Hot Springs window.
Portions of two major thrust sheets, the Buffalo Mountain thrust
sheet and the earlier Del Rio thrust sheet, are exposed within the area
of the study.

Rocks of a third, and still earlier thrust sheet, the

Pulaski thrust sheet, are exposed in the Great Valley just northwest
of the Buffalo Mountain thrust fault.
Rocks of the Buffalo Mountain thrust sheet, the uppermost of the
three sheets and the last to be emplaced, appear least deformed, although

141

folding is more intense where lower beds are exposed at the southwest
end of this thrust sheet.

Windows, randomly oriented minor synclines

and anticlines, and numerous sinuous faults in the underlying Del Rio
thrust sheet indicate still greater deformation.

In addition the

existence of windows implies thrust faults within the Del Rio thrust
sheet flatten at a shallower depth than those of the Buffalo Mountain
thrust sheet.

Even stronger folding is expressed in the Pulaski thrust

sheet which underlies the two sheets mentioned above.

The writer envisions the following sequence of events: leading
to additional structural complexity in successively lower and older
thrust sheets in the southwestern Bald Mountains.

During movement of

the earliest thrust sheet, the Pulaski thrust sheet, friction increased
until the sheet responded to pressure from the southeast by folding
rather than by further movement.

developed in them.

As the folds grew tighter faults

Movement along these more steeply dipping faults,

which extend down to the main thrust plane, comprised the final first
stage movements within the thrust sheet.

Later thrust sheets, the Del

Rio and Buffalo Mountain thrust sheets, overriding the first sheet,
were in turn folded when friction along their fault planes became
excessive.

Folding of earlier thrust sheets recurred after emplacement

and during post-fault folding of each successive thrust sheet.
The Hot Springs fault trace appears to be controlled by postfault folding of the Buffalo Mountain thrust sheet which created the
Paint Creek syncline, which is delimited by this fault and the Buffalo
Mountain fault.

The strike of beds along the southwest margin of the
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Paint Creek syncline roughly parallels the trend of the Hot Springs
fault.

Cleavage attitudes within the Paint Creek syncline suggest

that the southwest end of the Buffalo Mountain thrust sheet moved into
place along a westerly course.

If the Hot Springs window high pre-dated

movement of the Buffalo Mountain thrust sheet it may have served as a
pivot for the present southwest end of the sheet, causing it to rotate
to a westerly course and simultaneously causing a wrinkle to form, the
present expression of which is the southwest nose of the Paint Creek
syncline.
The Hot Springs window provides the best evidence for magnitude
of movement of the Buffalo Mountain thrust sheet within the present
area of study.

This window contains rocks structurally lower than

those of the Buffalo Mountain thrust sheet.

The distance from the

northwest edge of the thrust sheet to the southeast border of the
window, about 10 miles, would be a minimum value for the distance.
the thrust sheet has traveled in the present area of study.
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